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ABSTRACT
This study examined the nature and frequency of scientific vocabulary encountered in
Science classrooms. The corpora that were analyzed include a Science textbook used at
the 10th-grade level as well as transcripts of teacher-fronted lectures on three occasions.
Interviews with one Science teacher were also conducted in order to understand the
context of a secondary Science classroom in Ontario. Approximately 15% of the lexicon
from the total corpora was scientific in nature. From the analysis of the scientific
vocabulary, six lexical classes emerged with varying proportions between the written and
the spoken corpora. Complexities of the scientific lexicon as realized from this study
reveal that scientific vocabulary forms an extensive portion of the total corpus which
makes explicit vocabulary instruction extremely important for all students, especially
ELLs.
Keywords: Corpus, Corpus linguistics, Content-based instruction, Scientific vocabulary,
Lexical classes
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CHAPTER 1: INTRODUCTION
Background
Immigration and globalization are phenomena with which North Americans have
become quite familiar over the years. Individuals from all walks of life have been coming
to Canada and the United States for a few decades now. The classrooms of today have
been witness to diverse student populations for a number of years. In 2006, the population
of Canada was reported to be 31,612,895, out of which 5,579,835 were students under the
age of 14 (Statistics Canada, 2006). The Immigration Plan for 2010 states that over
250,000 new immigrants will be welcomed to Canada (Citizenship and Immigration
Canada, 2009). If these statistics are taken into account, over 40,000 new young
immigrants have joined the Canadian classrooms in the past five years making them more
multicultural than ever.
Students from all different cultural and linguistic backgrounds are seen in the
classrooms today. The group of students that are considered not to be very proficient
English language speakers are mostly those who are newcomers to Canada. In most cases,
it is assumed that newcomers are also new learners of English. There are many students
who come to Canada from English-speaking countries but the variety of English that is
spoken in those countries may be different from the variety spoken here (Coelho, 2004).
Thus, regardless of their knowledge of the language, they are recognized as having
limited proficiency in English upon their arrival in Canada.
Therefore, the group consisting of new learners of English who are recognized as
English Language Learners (ELLs) by the Ontario Ministry of Education (2007) is much
1

larger than what may be perceived. It is not only limited to newcomers from countries
where English is not spoken or from places where a different variety of English is spoken.
Many residing within Canada including Francophones, members of Aboriginal
communities as well as other groups such as Mennonites and the Amish also encounter
English in school for the first time (Coelho, 2004). Hence, the statistics which show the
population of new learners of English are in fact larger than documented as they do not
always consider the groups of Canadian citizens mentioned above.
When students whose first language is not English join others who are proficient
speakers of the language, a number of changes have to be made to the pedagogical routine
of the classroom. Teaching methods have to be altered in order to accommodate students
from all levels of proficiency. The teacher may have to alternate between formal and
informal forms of the language or even explicitly teach language forms to ensure that all
students are able to comprehend the content (McDonnough & Cho, 2009). Instruction can
very well be set up in a manner that is suitable for students from all levels o f linguistic
proficiency but it must be made sure that the academic integrity of the content is not
being compromised in doing so (Piper & Shaw Jr., 2010). As far as learning English as a
Second Language (ESL) is concerned, the instruction should focus on particular needs of
the ELLs such as an increased emphasis on linguistic elements including pronunciation,
vocabulary and grammar. It becomes challenging when the English language as well as
subjects such as Science or Mathematics need to be taught to ELLs.
In his book, Lyster (2007, p. 1) echoes the claim made by many teachers and
researchers that “...challenges [are] inherent in teaching languages through content.”
Having had experience assisting ELLs belonging to various grade levels with courses
2

other than English, I have witnessed the difficulties they face when learning English as
well as Mathematics or Science or History simultaneously. Many scholars including
Viadero (1995) and Cavanagh (2008) have suggested that each subject has its own
particular language which is not very easy for ELLs to acquire very quickly. Hence, the
research study that I have undertaken has stemmed from my desire to help ELLs
understand the language of Science. After a discussion of the purpose and the significance
of this study which follow, I explain why Science was my choice of subject for analysis.
Purpose of the Study & Research Questions
The Education Quality and Accountability Office (EQAO) is an autonomous
organization of the Ontario government which assesses Ontario students in Grades 3, 6, 9
and 10 in reading, writing and Mathematics (EQAO, 2011). The EQAO results of the
academic year 2004-2005 state that 7% of third grade students and 4% of sixth grade
students were ELLs (EQAO Board Report, 2005). In the academic year 2008-2009, the
number of ELLs had increased to 9% in the third grade and 6% in the sixth grade in
Ontario (EQAO School Board Report, 2009). Also, over 20% of students in each of the
grades spoke a first language that was not English (EQAO School Board Report, 2009).
Within the schools of the Toronto District School Board, over 50% of students spoke a
first language which was different from English in the year 2007 (Toronto District School
Board, 2007). After an examination of the results of the EQAO test in the previous years,
it is evident that the number of ELLs is steadily increasing. In spite of the influx of new
students each year for a number of years now, specific educational research concerning
the performance of ELLs in particular subject areas is still not abundant (Settlage,
Madsen & Rustad, 2005; Bernhardt, Hirsch, Teemant & Rodriguez-Munoz, 1996; Lee,
3

Maerten-Rivera, Buxton, Penfield & Secada, 2009; Watson, 2004; Webster & Hazari,
2009).
Studies done in the field of Mathematics depict issues similar to those in other
content-based classrooms containing ELLs including trouble with the specific language of
the subject. As declared in the title of her work itself by Kotsopoulos (2007, p. 301), the
study of Mathematics is like “hearing a Foreign Language.” One of the problems that
arise in the Mathematics class similar to those in the Science class is the unfamiliar
meanings of familiar terms. For instance, the word ‘table’ refers to a piece of furniture
outside of the class whereas in th'e classroom, it is a structure with columns which may
contain text (Kotsopoulos, 2007).
McDonnough and Cho (2009) also point out this complexity of the language of
various subjects by stating that the vocabulary of Science is specific as well as relevant in
nature. Terms that are specific to Science such as ‘Sodium Bicarbonate’ will only be
heard in the Science class and those that are relevant such as ‘tissue’ have multiple
meanings out of which only one is applicable in Science. Hence, it is clear that the
language of various subjects must be studied in order to help ELLs cope better in contentbased classes.
The purpose of this study is to examine the lexicon of Science that students
encounter in their classroom as well as in the textbook. This was accomplished by
analyzing the corpora of a Science textbook used at the 10th-grade level as well as
transcripts of teacher-fronted audio-recorded Science lessons. In addition to them, a 10thgrade Science teacher was interviewed in order to establish the general context of a
secondary classroom in Ontario. Two different corpora of the scientific discourse were
chosen in order to gain a broader understanding of the vocabulary. In this case, I define
4

discourse as the spoken and written language of 10 -grade Science. I call the textbook the
‘written’ corpus and the transcripts of the teacher’s lectures, the ‘spoken’ corpus.
There are many reasons that lie behind Science being my choice of subject to
analyze for this study. Having studied Science all throughout my elementary and
secondary schooling, I recall finding the language of Science extremely tricky. Whether it
was studying the step by step processes of the Krebs cycle in Biology or balancing
chemical equations and drawing enzyme structures in Chemistry, each sub-field of
Science brought with it, its own specialized vocabulary. During my supervision of an
ESL class, over time I noticed that Science was one of the subjects with which the
students struggle the most.
I believe that 1Oth-grade students are well placed between secondary and post
secondary education which is the reason why I reviewed corpora used at this grade level.
Students in the 10th-grade have had a fair idea regarding whether they enjoy studying
Science or not, having studied the subject for a number of years prior to that. Students
must have a minimum of two credits in Science within the duration of four years at the
high school level in Ontario. Hence, I believe that by this time, they must have a clear
inkling about whether they wish to pursue Science as it will stop becoming mandatory
from the 11 -grade onwards.
After a review of the relevant literature in the field which is included in the next
chapter, it can be deduced that there are many areas surrounding the teaching of subject
matter in linguistically and culturally diverse classrooms that still remain unfulfilled.
Studies conducted by many researchers confirm that there are no specific methods of
teaching Science to ELLs (Settlage et al., 2005; Bernhardt et al., 1996; Watson, 2004).
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Hence, I wish to make an attempt in making a contribution to the educational research
field with an examination of the scientific lexicon.
I believe that an analysis of the vocabulary of Science, albeit of a single textbook
as well as teacher-talk within one class will be a preliminary study which will eventually
open doors for further research in the field. This will in turn assist other researchers in
figuring out particular ways of helping ELLs learn the subject. If this area is studied to a
larger extent, it will eventually result into major developments in the area of pedagogy. It
will also serve as a valuable resource in the field of educational research for anyone
willing to examine the scientific language for any particular purpose.
The goal of this study is to answer the following questions:
1. What kind of vocabulary is found within the written and the spoken scientific
corpora of a 10 -grade classroom?
a. How often do content-specific (Examples: proton, epidermis, blood) and
content-relevant terms (Examples: charge, basic, tissue) occur?
b. What are the features of the other terms that occur in the scientific context?
2. What are the differences between the lexica of Science found in the written corpus
as opposed to the spoken corpus?
Thesis Organization
Following is a brief overview of how this thesis has been organized. Chapter 2
presents a review of the relevant literature and the theoretical framework. Chapter 3
describes the methods, the process of data collection as well as strategies for data
analysis. Chapter 4 contains the findings and the discussion from the analysis. Lastly,
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chapter 5 explores the implications of this study as well as suggests directions for further
research. Following is a list of important terminology that is used throughout this thesis.

7

TERMINOLOGY: DEFINITIONS AND DESCRIPTIONS
English Language Learners (ELLs): “...students in provincially funded English
language schools whose first language is a language other than English, or is a variety of
English that is significantly different from the variety used for instruction in Ontario’s
schools...” (Ontario Ministry of Education: ESL & ELD Programs & Services Policy
Document, 2007, p. 9).
English as a Second Language (ESL) Programs: Programs that provide “educational
opportunities to help students develop age-appropriate first-language literacy skills”
(Ontario Ministry of Education: ESL & ELD Programs & Services Policy Document,
2007, p. 23).
Content-specific terms: Terms that are specific to the study of Science (McDonnough &
Cho, 2009).
Content-relevant terms: Terms that are general but take on a specific meaning in the
scientific context (McDonnough & Cho, 2009).
Corpus: A corpus is a collection of texts either in the written or spoken format which is
used for analysis.
Frequency List: The automatic generation of a complete list of all the items contained in
a particular corpus.
Concordance: A list of all the occurrences along with contextual information of a
particular term in a corpus.
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CHAPTER 2: LITERATURE REVIEW
Much of the research that has been done in the past few decades in the field of
education has focused on addressing issues regarding the increasing diversity in the
student population. Students from all ages and from all over the world have been coming
to Canada. Many studies have been done that present methods in order to accommodate
students from diverse levels of proficiency within the same classroom and balance both
language learning and content instruction. However, research in the area of the language
of different subjects such as Science is scarce.
A number of researchers have recognized the need for specialized techniques that
teachers require in order to teach Science to those who are not proficient speakers of
English. Many have provided different tips for teaching Science to ELLs. These
pedagogical strategies include the use of visual aids in the classroom (Edmonds, 2009;
Olson, Levis, Vann & Bruna, 2009), accessing the prior knowledge of students
(McDonnough & Cho, 2009; Edmonds, 2009; Medina-Jerez, Clark, Medina & RamirezMarin, 2007; Reyes, 2007/2008), the involvement of the family and the community in the
learning process (Medina-Jerez et al., 2007; Settlage et al., 2005; Edmonds, 2009; Buck,
2000; Watson, 2004) and group work within the classroom (Reyes, 2007/2008; Buck,
2000; Watson, 2004; Medina-Jerez et al., 2007; Cavanagh, 2008).
Academic challenges are only some of the many that ELLs face in a new
environment. Many such obstacles are identified within the research including achieving
academic competence and participation within the classroom. The language of Science
found in the textbook has also attracted an abundance of research and information
regarding the teaching of ELLs as well as proficient speakers of English (Carrier, 2005;
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McDonnough & Cho, 2009; Viadero, 1995; Hanes, 2004; Watson, 2004; Bernhardt et al.,
1996).
This review is a consolidation of the thematic patterns found within the literature.
Various methods of teaching Science to ELLs found in the sources are discussed in the
section that follows. Many challenges faced by ELLs within the classrooms today follow
the tips and strategies of teaching Science to a linguistically and culturally diverse class.
The beliefs of the researchers in regards to the vocabulary of Science are also explored.
Various existing models instructing the teaching of academic language are discussed and
critiqued. Gaps identified within the literature are also stated along with how this study
attempts to address some of them. The theoretical underpinning that supports this study is
Corpus Linguistics which is presented after the discussion of the salient themes in the
literature. Following the theoretical framework is an explanation on content-based
instruction which can be applied in the future stages of research in this area.
I begin with a discussion on various ways of teaching Science to ELLs as
presented in the literature.
Pedagogical Strategies for Teaching Science
Visual Aids
As far as teaching and learning is concerned, each and every student is special in
his or her own way. Many students learn best when information is provided to them in a
linear manner. The writing of important aspects in a step-by-step fashion often proves to
be the best learning method for some students. Felder and Silverman (1988) mention the
different types of learners that exist including linear learners, also known as sequential
learners, who follow a logical learning pattern when “...material is presented in a steady
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progression of complexity and difficulty...” (p. 679). The authors also state that many
others are auditory learners whereby learning takes place when information is presented
to them vocally as they tend to remember the content better when they hear it. Hands-on
learning proves to be the best approach for those students who are kinaesthetic. These
learners tend to leam best when they are physically involved in the learning through the
use of their sensory organs. The process of learning will be optimized if students
recognize their specific learning style and function in the academic contexts accordingly.
A particular aspect of the content may demand a more auditory approach from
learners while another can require a hands-on approach to problem-solving. In Science, a
visual or an auditory or both methods may be required. A hands-on approach can be used
when learning through performing experiments whereas many of the scientific processes
can also be learnt in a linear way. However, when Science is taught to those students who
are not proficient English language speakers, finding the best learning or even teaching
method can be challenging. Much of the recent research which presents strategies for
teaching Science in a diverse classroom states that visual aids may be one of the optimal
options for ELLs when learning Science (Gagnon & Abell, 2009; Colburn & Echevarria,
1999).
Some of the visual aids discussed by the researchers include diagrams,
photographs and graphic organizers among others (Edmonds, 2009; Olson et ah, 2009).
Edmonds (2009) suggests that a teacher of Science must begin the particular concept to
be taught using any of the previously mentioned visual aids. Gagnon and Abell (2009)
state that visuals provide essential prompts to students; especially, to those who are new
learners of English. Visual aids are also known to speed up the process of understanding
various concepts for many ELLs (McDonnough & Cho, 2009). Colburn and Echevarria
11

(1999) seem to agree with many researchers in considering visual aids as being an
essential supplemental resource for ELLs. While this seems to be a logical fact
concerning teaching ELLs, there is another perspective in relation to visual aids. Rice,
Pappamihiel and Lake (2004) regard visual aids not as an additional resource but as the
only immediate source of information for ELLs.
While using visual aids may seem to be a good option, it cannot be assumed that it
will work effectively for every ELL. First of all, it is incorrect to group all ELLs together
as they may be at different stages in their English language proficiency. Students who are
visual learners may benefit from this but those who learn by writing or listening will not
be favoured. As Buck (2000) states, there exist differences along all ELLs. Hence,
contrary to the view of the research stating that visual aids may be the best option for
ELLs, they should not be looked at as a ‘quick-fix’ method for all ELLs.
Lyster (2007) shows evidence regarding the use of visual aids when it comes to
teaching ELLs. He quotes a large-scale research study done by Netten (1991) who studied
23 immersion classrooms from grades 1 through 3 across Canada. Different methods of
instruction were monitored across the classrooms. In what he calls Classroom A, lectures
comprised of 3% of the instructional time, 13% of the time was allotted to teacher-student
interaction and one-on-one meetings with the teacher and the student were carried out
27% of the time. In Classroom C, 90% of instruction was provided through visual aids,
gestures and body language. The results of the observations of these classes were
astounding. In Classroom A, students made regular use of the second language (L2) and
were among the best in the province as far as second language achievement was
concerned. In Classroom C, whose first premise was learning through visual aids, low
results were attained in terms of second language achievement.
12

Hence, results from the study discussed previously show that visual aids are not as
helpful as may have been previously perceived and a number of teaching alternatives may
be more effective than others. Lyster (2007, p. 5) states that one of the more effective
instructional options include “less reliance on non-verbal clues to convey meaning.” He
further states that if strategies such as the use of visual aids are continuously relied on,
this sort of non-linguistic assistance can hinder the development of the communicative
ability in a second language for students.
Building on Prior Knowledge
One of the problems faced by new immigrants is the difference between their ,
home culture and the new culture (Coelho, 2004). Students who are ELLs also experience
feelings of unfamiliarity when they enter the academic environment. Other than the
difference in language, they face problems in specific subject areas such as Science as
well. A connection between the prior learning environment of the ELLs and the new
Canadian classroom must be created as soon as possible. Bernhardt et al. (1996) state that
by the time ELLs reach the fourth grade level, they can lose all motivation and interest in
learning Science unless they have had a positive experience learning the subject already.
As far as Science education is concerned, many strategies have been mentioned
that may help ELLs bridge the majority of the gap between the kind of Science education
from their home countries and that which is being taught in the Canadian classrooms. It is
suggested by many that Science teachers need to make efforts and attempt to build on
their learners’ prior knowledge base. According to Cummins (2009) activating prior
knowledge of the students can help in the promotion of literacy engagement.
One of the policy documents published by the Ontario Ministry of Education
(2005) which serves as a resource guide for supporting linguistically diverse classrooms
13

also states that it is essential for teachers to use what the ELLs already know as a base on
which to build new information. In this document, subjects including Geography,
Mathematics and Language Arts are discussed in terms of the ways in which the ELLs’
cultural and linguistic origins can be connected while learning them.
Edmonds (2009) recognizes the problem of an increased gap between the prior
knowledge of the ELLs’ in their former schooling and their arrival to the Canadian
classroom and provides a solution which includes respecting the ELLs’ home cultures.
She states that students must be able to identify with their roots while in the classroom
and it must be taken into consideration that many of the aspects in Science may be
perceived differently by other cultures around the world. She goes on to explain how the
cultures of many of her students revered aspects such as water and trees which may be
taught as nothing more than elements of the natural environment in Canada.
McDonnough and Cho (2009) echo the claim made by Edmonds (2009) and state
that previously acquired knowledge of the ELLs might be different from what they leam
here. It is advised that literacy and Science education should be combined which must
take into account the students’ cultural and linguistic backgrounds. Another way of
tackling this issue as stated by Medina-Jerez et al. (2007) is the inclusion of a study of
scientists from those nations to which the ELLs belong. This can be beneficial in helping
them overcome the feelings of alienation.
Research also suggests that ELLs must be given plenty of opportunities in class
despite their limited proficiency in English. Many researchers state that their first
language (LI) must be looked to when explaining difficult concepts (Medina-Jerez et al.,
2007; Reyes, 2007/2008). Due to the lack of proficiency in English, their abilities must
not be underestimated. Medina-Jerez et al. (2007) cite a study which revealed that
14

students who speak more than one language are better able to remember new vocabulary
when it has been previously presented to them in their native language.
The development of content knowledge in their LI as well helps the transfer of
skills from LI to English. Research has shown that LI can help in L2 learning but there is
not much information suggesting how to use the LI of the students effectively (Reyes,
2007/2008). The native languages of all the ELLs in a classroom will most likely be
different. Hence, the area regarding how the knowledge of different languages can help in
the learning of English needs attention.
The role that the first languages of ELLs play in their learning of English has been
illustrated in research studies done by a number of scholars. The teaching of Chemistry is
discussed where Hanes (2004) brings the first language of ELLs which is Spanish to
assist them with their learning. She states that the names of the chemical elements come
from Latin which is helpful to Spanish speaking students since Spanish has originated
from Latin. Reyes (2007/2008) has done a similar study which shows how a number of
Spanish speaking ELLs form groups in order to decipher the words in English using their
knowledge of the native language.
Both the studies are good depictions of how LI can help in the learning of L2.
However, the authors fail to address how an LI which does not originate from Latin can
help ELLs learn English. There are many languages which cannot help decipher words in
English. Many languages even use different written scripts. If the Canadian context is
taken into account, ELLs from all over the world come here. Hence, there need to be
explicit teaching strategies which will answer the needs of all learners despite their LI. In
addition to this, the learners also need to be taught ways in which they can use their LI to
help learn the L2.
15

Funds of Knowledge
In the work on bilingual education done by Moll (1992), it is stated that even
though students are not able to speak English fluently, they can still bring forth a number
of other assets; both linguistic and cultural in nature. By introducing the term ‘funds of
knowledge’, he suggests that

these children (and their families) contain ample

resources [...] that can form the bases for an education that far exceeds what workingclass students usually receive” (Moll, 1992, p. 21). Hence, funds of knowledge involve
the inclusion of the students’ families as well as the larger community in their educational
endeavours.
It has been discussed previously that students may feel alienated due to the vast
difference in their lifestyle from their native country. The inability to speak the language
used in the classroom is undoubtedly one of the issues that add to the estrangement. On
many occasions, the ELLs’ first language is not recognized in the classroom by the
teachers and their peers. Their parents and other community members may be the only
other people who are able to communicate with them in their L I. Hence, it is advised to
teachers that the parents of the ELLs must be notified when teaching difficult concepts in
Science so that they can initiate the learning in the home domain.
Medina-Jerez et al. (2007) suggest that parents be invited to the classrooms and
speak to the teachers about the progress of their child. The authors consider the parents of
the ELLs to be an important link between the domains of home and school. However, the
inability of the parents to speak English is a definite possibility. In order to do so, the
authors encourage the school administration to make the meeting possible by arranging
informal events where the students could be involved in presenting the work they have
done within the classroom to make the parents aware of their children’s progress.
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Edmonds (2009) once again suggests that the cultural roots of the ELLs must be
visited during the teaching and learning in the classroom. She states that communication
with family members of the students may be of assistance when learning different
concepts of Science and that drawing on the students’ home cultures may help instil the
feeling of empowerment in them. This helps the students get a cultural perspective on the
scientific aspect and they do not feel as if their learning prior to arriving in Canada is
completely ignored. Settlage et al. (2005) state that every student must be treated on an
individual basis and should not be grouped together based on their cultural backgrounds
that may seem similar on the surface. Their cultures as well as families must be respected
and looked at as essential resources. They further state that the inclusion of the families of
the ELLs can help in bringing close together, Science and their culture.
Watson (2004) suggests that parents must be consulted in order to help activate
the prior knowledge of the students. Instead of only asking the students to remember their
previous schooling, the parents must be motivated to activate their own knowledge of
Science as well so that the teachers can speak to the parents regarding the specific
scientific concept which will be taught in class. In this manner, the parents can introduce
the concept to their children in their native language which may make learning the same
in English, a smooth transition.
The consultation of parents can prove to be an important step further when it
comes to teaching ELLs. According to some, it might prove to be even more successful if
the parents are involved in the classroom. Buck (2000) states that parents should be
invited during the lessons in the Science class and that the families of the students should
be involved with their children in the work they do while in the class. She states that this
can prove to be a good measure both for the teachers and the parents in monitoring the
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success of the students. Although the involvement of parents in the class seems to be a
good option, it does not seem to be a feasible alternative. Parents of these students cannot
be asked to simply enter the classroom at any time and participate in the lesson. A lot of
factors such as their availability, their ability to speak English as well as their willingness
to participate must be considered. Many students might also feel uncomfortable and
reserved in the presence of their parents in the classroom.
Encouraging Group Work
Having students work in groups on a variety of projects in the classroom has a
number of advantages. It promotes cooperation and teaches every student to be a team
player. Doing so can also bring together different talents and styles of achieving various
goals. When students are placed in groups with differing levels of competence, working
in groups can be a source of encouragement and inspiration for those who are not very
efficient. It has been mentioned a number of times that in a diverse classroom that
includes ELLs, group work can be extremely fulfilling for them in terms of language
maintenance.
An ELL can be put into a group of other ELLs as well as proficient English
speaking students. Regardless of whom the group comprises, working in a group can help
an ELL learn both Science and English (Cavanagh, 2008). An ELL can practice his or her
English skills while working with the other members in the group. Medina-Jerez et al.
(2007) state that if the students who speak the same native language are grouped together,
they can successfully try and understand the concept in their LI and then translate it into
English. The authors also suggest that teachers must keep an open mind and allow the
students to present the material in both their LI as well as English because doing so can
give rise to opportunities and build on their contributions.
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Others have suggested that ELLs be paired up with proficient speakers of English
in the class (Reyes, 2007/2008; Buck, 2000; Watson, 2004). Reyes (2007/2008) presents
research findings that support group activities due to their assistance in facilitating inquiry
skills which can particularly prove to be beneficial to new immigrants. Watson (2004)
suggests that an ELL can gain a better understanding of concepts when working with
English speakers and can also feel empowered by being a valued contributor to the group
project. Buck (2000) also states that ELLs should be grouped with proficient speakers
during laboratory sessions where they can do scientific activities which can be observed
across a long span of time. This can help an ELL get better acquainted with his or her lab
partner over time. It is essential to have ELLs feel capable in group projects. Piper and
Shaw Jr. (2010) state that every student must not only be a participant but must be made
to feel like a successful participant of a group. They state that this can be achieved by
setting up a group activity in a way where students can even feel successful through
gestures and other non-verbal communicational conduct.
While these researchers bring up important suggestions concerning group work,
they fail to consider the potential disadvantages of doing so. On many occasions when an
ELL is paired up with a proficient English speaker, it may not always prove to be
beneficial. The ELL may be bullied by the proficient speaker due to his or her limited
proficiency in English. There may also be occasions when the ELLs may feel
incompetent when placed together in a group with proficient speakers of English thus
lowering their morale. Moreover, the ELLs within one classroom may be at different
levels in their language learning. In my experience of supervising an ESL classroom, I
was witness to many occasions when group work did not prove to be the best option due
to a number of differences including those in proficiency levels.
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Another issue which is not explored is that of proper guidance when it comes to
group work. Although the teacher gives instructions regarding the task of the students as a
group, there are no guidelines given as to how the students must interact when working
with their fellow classmates. Mercer, Dawes, Wegerif and Sams (2004) bring this issue
into focus and state that students cannot be expected to succeed in groups when they are
not given any training as to how to communicate with other members in the successful
accomplishment of the project.
Even though copious amounts of research are dedicated to helping Science
teachers as well as their students who are ELLs succeed, most of it does not meet specific
needs. It is stated that there is no particular model for teaching Science to ELLs (Settlage
et al., 2005). The strategies that have been documented in the previous section have been
based on some of the experiences of teachers and researchers. It certainly cannot be
assumed that they will be successful for every ELL.
Challenges Faced by ELLs
Achieving Academic Competence in English
According to one perspective of the Critical Period Hypothesis (CPH), it is
reasonably easier for children to pick up a new language than adults (Johnstone, 2002).
The author mentions researchers including Marinova-Todd, Marshall and Snow (2000)
who do not necessarily agree with the CPH theory, as opposed to Hyltenstam and
Abrahamsson (2001) among others who do. However, there is one claim made which
seems to offer a satisfactory explanation to the debate. There are certain aspects of a
language which are easily learned at a young age but may become more complicated to
acquire as one grows older such as the phonetics and accent of the language while there
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are others which may be difficult for children to acquire at a young age and may be easier
for adults (Johnstone, 2002).
When children from non-English speaking countries come to Canada, the
common understanding is that the first element for their success would be the ability to
speak English. However, being able to speak English does not guarantee academic
success. Cummins (2009) makes a distinction between conversational English and
academic English. Hence, if a child is able to speak English with reasonable fluency, it
cannot be assumed that he or she is able to do well in academics.
A number of researchers have commented on the level of proficiency needed to
succeed in academics (e.g., Carrier, 2005; McDonnough & Cho, 2009). Carrier (2005)
states that it takes one to three years for basic language skills to be facilitated into
newcomers and academic language can take up to seven years for them to master. She
also states that this might be the case for two reasons. Firstly, academic language is not
used as often as everyday language and is only required to be spoken when situated in
particular contexts and secondly, academic language may be more difficult to attain due
to the fact that it contains elements that are similar to everyday language but differ in
meaning.
Cummins (1979) states that language competence is not an aspect that can be
universally assessed in all individuals and that differences in one’s linguistic profile exist
depending on the purposes that need to be achieved using the language. The language
used by a child on the playground differs from that which is required in the classroom. He
terms these different levels of language proficiency as Basic Interpersonal
Communication Skills (BICS) and Cognitive/Academic Language Proficiency (CALP).
He defines BICS as language skills “...in a first language (LI) regardless of IQ or
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academic aptitude” and CALP as “...the dimension of language proficiency which is
strongly related to overall cognitive and academic skills” (Cummins, 1979, p. 2). If this is
taken into consideration, the vocabulary of Science falls under Cognitive/Academic
Language Proficiency (CALP).
A question that is commonly posed to researchers in regards to ELLs in Science
classrooms is why they are placed in such a challenging academic environment when they
lack English language proficiency (e.g., Bernhardt et al., 1996; Gagnon & Abell, 2009;
Viadero 1995). Scholars tackle this question while keeping in mind the time frame that it
takes for ELLs to develop academic proficiency. According to Bernhardt et al. (1996) as
well as Viadero (1995), it takes between six and eight years while Gagnon and Abell
(2009) state that it could take up to a decade for students to be proficient in academic
English.
Researchers reject the claim that ELLs must be fluent in English in order to learn
concepts of Science effectively. Gagnon and Abell (2009) state that abiding by this
statement could be very misleading for the students. However, the authors do not
recognize that some changes need to be made while teaching ELLs the same content as
the proficient speakers. Vang (2006) also presents research that shows that L2 learners do
better in Math and Science than Language Arts and Social Studies. Hence, it cannot be
assumed that those who do not speak English fluently will not be able to do well in
Science (Watson, 2004). Bernhardt et al. (1996) bring to attention that if ELLs are not
taught Science until they speak English proficiently, there would be no class instruction
until they are at least 12 years old. Hence, teachers must keep in mind that mere
proficiency is not the only requirement for ELLs to succeed in school. They need
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academically rich language which will help them not only to do well in class but also
create a strong linguistic basis.
Class Participation
There are many factors that lie behind the willingness or unwillingness of students
participating during class discussions. Some are not particularly efficient with the subject
matter and others may be socially timid. Even proficient speakers of English may find it
difficult to volunteer answers and share their opinions about issues in front of their peers
and the teacher. It is not uncommon to think that ELLs in particular may also feel
insecure about their limited language proficiency and may not be willing to vocalize their
responses for everyone in the class to hear.
A substantial amount of research looks into the factors underlying the notion of
class participation when it comes to ELLs (E.g., Edmonds, 2009; Viadero, 1995; Welsh &
Newman, 2010). Edmonds (2009) reveals that the problem is not always about the ELLs’
unwillingness to participate in the classroom and that there are also occasions when they
may participate more than necessary. For those who are unwilling to participate, she
states that the teachers must inform the students that they will be evaluated on verbal
class participation and those who are excessively involved in the classroom must be given
additional options to demonstrate their understanding of the subject matter in non-verbal
ways.
In terms of language input and output, several researchers agree that on many
occasions ELLs are able to comprehend more than they can explain in the classroom
(Bernhardt et al., 1996; Viadero, 1995; Welsh & Newman, 2010). Piper and Shaw Jr.
(2010) also state that the reason behind the ELLs’ unwillingness to participate in class
may not be because of the lack of content knowledge but due to the linguistic complexity
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of the English language. This could possibly render them incapable and the teacher could
be misled regarding their progress in the classroom. Hence, the teacher is advised not to
analyze the errors made by the students and understand that they are a natural part of
language learning and development (Welsh & Newman, 2010). ELLs should not be
thought of as being inadequate on the grounds of the usage of the wrong tense and other
similar issues (Bernhardt et al., 1996). Teachers should remember that ELLs’ verbal
participation in the classroom does not necessarily mirror their comprehension abilities.
ELLs must be given plenty of other opportunities to show their competence other than
speaking in the classroom.
Vocabulary of Science
Every academic subject is unique as far as its specific vocabulary is concerned.
Vocabulary of a particular content area is a common aspect which is challenging for
students to acquire. Especially, as far as ELLs are concerned, a mastery of the vocabulary
can be the most challenging academic endeavour to achieve. ELLs encounter many
occasions when certain words mean very different things in different contexts (Carrier,
2005). A strong correlation between vocabulary knowledge and academic performance
has been established (Alderson, 2007; Nation, 2001). Cummins (2009) also defines the
elements needed in one’s level of English proficiency in order to succeed academically
which include an extensive vocabulary and sufficient knowledge of the discourse.
As proposed by McDonnough and Cho (2009), there are terms that are inherently
scientific in nature and will not be heard outside of the scientific context. Even if they are
found being used outside the Science class, they will still remain within the discourse of
Science. These words include but are not limited to the names of elements on the periodic
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table, organs and organ systems of the human body and scientific phenomena. Examples
such as ‘Phosphorus’, ‘duodenum’ and ‘homeostasis’ fall into this group. At times, words
(e.g., ‘liquid’, ‘air’) belonging to this category are overused but their primary meaning is
still embedded in the scientific context. These terms have to be learned explicitly by the
ELL in order to comprehend them. These terms are referred to as Content-Specific by
McDonnough and Cho (2009).
McDonnough and Cho (2009) have also proposed another category composed of
words that are general but take on a specific meaning when used in Science. These terms
are homonyms meaning they are exactly the same in the way they sound as well as in the
way they are spelled but differ in their meaning. These terms have more than one
meaning but only one of them is found in the scientific context. For instance, the word
‘state’1 has multiple meanings out of which one exists in the scientific context and
another outside of it. Outside the scientific discourse, ‘state’ could be understood as ‘a
geographical territory’. However in Physics, ‘state’ refers to “any form or quantifiable
condition in which a physical substance can be, depending on its temperature and other
circumstances” (Science-Dictionary.com, 2011). These terms are Content-Relevant
(McDonnough & Cho, 2009).
Viadero (1995) also mentions the multi-faceted meanings of scientific terms. One
of them carries the common, everyday connotation while the other is academic. Hence, it
becomes very difficult for ELLs to gain an understanding of these specific terms and the
distinction between their meanings in particular contexts. Hanes (2004) who is a Science
teacher states that it is essential to know the language of Chemistry in order to perform
1 It should be noted that the word ‘state’ has more meanings than the two discussed here. However, only
two o f the relevant meanings are mentioned here in order to define this lexical group clearly.
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various tasks such as balancing equations successfully. It seems as though the
comprehension of the scientific terminology is the first step to succeeding in Science. If
that is not achieved by ELLs, they may fall behind in their learning and eventually lose
confidence as well as interest.
There has not been much research to show the specific vocabulary of a particular
discourse such as Science. Hence, analyzing the scientific lexicon will help in examining
the structures that make up the scientific corpus. This will prompt further research in the
area of pedagogy which will eventually help in coming up with strategies for teaching
particular scientific vocabulary to all students, especially ELLs.
Academic Language
Academic language is defined as the “language used in formal contexts for
academic subjects” (Echevarria, Vogt & Short, 2008, p. 244). It can be easily assumed
that competent knowledge of a strong vocabulary is one of the requirements in order to
succeed in academic language proficiency. Echevarria et al. (2008) also state that a strong
development of vocabulary is positively related to academic achievement. The authors
outline a number of reasons as to why comprehensive vocabulary instruction is essential
for ELLs. According to them, the inclusion of challenging vocabulary in mandatory
content area textbooks and reading performance tests must be taken into consideration as
well as the fact that ELLs are already behind their proficient speaking classmates must
not be ignored.
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Echevarria et al. (2008) state that vocabulary can be taught to students, especially
ELLs, according to some of the models available which include the authors5 own SIOP

2

(Sheltered Instruction Observation Protocol) model. Other models include the Academic
Word List by Coxhead (2000) and the three-tiered design developed by Beck, McKeown
and Kucan (2002). Following are brief descriptions of each of the models along with a
critique.
The SIOP (Sheltered Instruction Observation Protocol) model.
Within this model, academic language is composed of three main categories. The
first component is titled ‘Content Words’ which include specific terminology associated
with a particular concept that is being taught (Echevarria et al., 2008). For instance, the
authors illustrate the teaching of the American Revolutionary War by including terms
such as ‘Redcoats’, ‘democracy’, ‘Patriots’, ‘freedom of religion’ and many others.
The second category on the list is called ‘Process/Function Words’ which deals
with language which can be used when asking for information, explaining an opinion and
stating conclusions. Some of the words in this category include ‘list’, ‘classify’, ‘discuss’,
‘argue’ and ‘share’ among others. Transition words such as ‘therefore’, ‘moreover’ and
‘furthermore’ are also included in this category.
The third category is titled ‘Words and Word Parts that Teach English Structure’
which help students in learning new words based on English morphology. The authors2*

2 SIOP is “a scientifically validated model o f sheltered instruction designed to make grade-level academic
content understandable for English learners while at the same time developing their English language. The
protocol and lesson planning guide ensure that teachers are consistently implementing practices known to
be effective for English learners” (Echevarria et al., 2008, p. 246).
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provide an illustration which states that by introducing the root ‘photo’ meaning ‘light’,
‘photosynthesis’, ‘photocopy’, ‘photograph’ and other such words can be comprehended.
Academic word list.
This academic word list (AWL) was compiled from an academic corpus of 3.5
million words in order to answer the question regarding which words are worth focusing
in the classroom (Coxhead, 1998). Prior to the AWL, the only other word list was put
together by West (1953) who found 2,000 most frequently occurring words. The aim of
the AWL was to establish the range and frequency of words beyond the first 2,000 words,
Assembled in New Zealand in 1998, AWL was first developed for Universitylevel ELLs. The model includes 570 word families as seen occurring in four disciplines
including the Arts, Commerce, Law as well as Science. The list contains the most
frequent words found in the corpora that were selected from each of these four streams
and the lemmas3 of all the words are also stated.
The three-tiered model.
This model was developed by Beck et al. (2002) which describes three tiers of
words that are thought to be taught in American schools. Tier one words include simple
nouns, verbs and those words that have high frequencies such as ‘baby’, ‘happy’ and
‘walk.’ These words are considered to be well-known and hence, it is suggested that
teachers not focus on them intently in their teaching.

’ A lemma is “a word considered as its citation form together with all the inflected forms” (Dictionary.com,
2011). For instance, lemmas o f the word ‘work’ include ‘works’, ‘worked’ and ‘working.’
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Tier two words are defined as those that may be encountered in textbooks but not
in conversation and must be taught explicitly while teaching. Words included in this tier
occur at high frequencies across a number of domains. The authors give illustrations of
some of the words that may are included in this tier such as ‘fortunate’ and ‘coincidence.’
They also suggest that these words must be taught explicitly as students will come across
them quite often.
Tier three words are those that are uncommon and infrequent and occur during the
discussion of specific topics dictated by the content. The authors provide examples of
such words including ‘peninsula’ and ‘isotope’ which may specifically be used in
Geography and Science respectively. It is also recommended that teachers not spend a
large amount of time teaching these words explicitly.
Problems with the current models.
After reviewing some of the models that are described as aids which can be
utilized in the teaching of vocabulary, many issues come to mind. First, a number of the
points that are made are based on assumptions. In the case of Beck et al. (2002), they state
that tier one words should not be focused on closely as they are well-known. It cannot be
assumed that all students, especially ELLs are comfortable with words that are considered
to be overused ‘conversationally’. Also, they state that the content words which form the
third tier should not be focused on before and after the teaching of the particular content.
This can also prove to be problematic as ELLs as well as proficient speakers of English
need to be well-versed in content-specific terminology in order to develop a strong lexical
vocabulary.
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Second, these categories are very broad. For instance, the SIOP model lumps
function words as well as transition words into one group. Even though transition words
need to be used in accordance with the function words, the authors do not state anywhere
that ELLs must be made familiar with the difference between the two aspects. Another
concern with this categorization is the realistic usage of transition words by ELLs as well
as proficient speakers of English. The conscious usage of transition words comes with age
and experience and even if the rules of their use can be taught, the usage itself cannot be
monitored. Many proficient speakers of English do not use transition words and their lack
does not in any way take away from their language proficiency. There are many other
categories of words which must be prioritized for teaching explicitly in addition to
transition words.
Third, some of the categories seem to have ample expectations from the teacher.
In the case of the SIOP model, teachers are advised to teach the morphological root of the
words in order for the students to apply that knowledge in other contexts. While this
seems to be an interesting suggestion, it cannot be assumed that every teacher is wellversed in philological origins and has the time to teach them to the students. Even if the
teacher intends to teach the students the origin of the words encountered in class, it will
be a very tedious task for the teacher.
Finally, none of these models are specific to grade-levels or subjects. Hyland
(2008) states that the fact that a single set of vocabulary is a sufficient resource for all
academic study is an assumption. I believe that this assumption must be undermined by
carrying out extensive research identifying the language of specific disciplines and sub
disciplines at various K-12 grade levels.
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Textbook Language
The usage of textbooks in the teaching of Science to ELLs has garnered a number
of different perspectives from professionals in the field. Whether they should be relied on
completely or reworded for the sake of the ELLs are issues that become problematic
when teaching in a diverse classroom. Colburn and Echevarria (1999) state that ELLs
need access to appropriate grade-level texts as the textbook is an important part of their
learning. They also suggest that simplifying the language of the textbook is an option. On
the other hand, Watson (2004) believes that teachers should not rely on textbooks entirely
as the language used in the texts might be too complicated for ELLs. She also advises that
the teachers must modify the language in the text as doing so can help in explaining
scientific concepts that are difficult.
Bernhardt et al. (1996) believe that a simplification of the textbook language is not
the answer to helping ELLs in Science. They state that simplifying the language deprives
ELLs of essential lessons in language learning whilst learning Science and suggest that
modification should not be confused with simplification. However, they do not offer a
clear distinction between the two terms. Vang (2006) agrees that watered-down
instruction is not the right option as it may prevent ELLs from attempting cognitively
demanding tasks which require the application of content-rich knowledge to academic
assignments. Rice et al. (2004) also believe that ELLs are not given access to the same
texts as proficient speakers of English in order to save them from embarrassment. Welsh
and Newman (2010, p. 140) state that instructional techniques for ELLs should not be
about “dumbing anything down” but should entail an understanding as to where the
ELLs’ capabilities lie and to help them reach their highest potential. Hence, extensive
research is required which can help in solving some of these problems.
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Gaps in the Literature
As mentioned previously, a number of strategies have been found within the
research to help ELLs succeed in content-based classrooms. However, there are many
areas in which there is inadequate or sometimes no information available. These gaps are
highlighted in this section. The ways in which this study will help fulfil these gaps are
also included.
Buck (2000) states that Preservice teacher in the United States are not given any
training to teach students from minority language backgrounds. According to Rice et al.
(2004), less than 13% of teachers in America receive minimum ESL training and only 8 10% of them have bilingual or ESL certification. Welsh and Newman (2010, p. 144) also
agree that the training that teachers receive for teaching a linguistically and culturally
diverse class is “minimal or nonexistent.” Slater and Mohan (2010) not only state that
most teachers teaching different subjects are not trained to work with ELLs but also insist
on an urgent cooperation between ESL and content-area teachers.
Settlage et al. (2005) claim that there is no particular model prescribed for
teaching Science to ELLs. Bernhardt et al. (1996) have been reviewing books published
on the methods of teaching Science for the past three decades. They state that in their
review of over 8 , 0 0 0 pages, less than

100

pages contain any information regarding

Science education and ELLs. Lee et al. (2009) also point out that there is an abundance of
studies conducted in schools containing vast numbers of ELLs but there exists a lack of
findings regarding Science as the focus of the research. Watson (2004) also states that
methods concerning the teaching of minority language students are not found easily.
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There is a wealth of data available on effective techniques regarding how to teach ELLs
but the data on how to do so in content classrooms are not nearly as extensive (Webster &
Hazari, 2009).
If the vocabulary of Science is studied on a large scale, it will help in bringing
forth an enormous amount of research regarding how to teach Science to ELLs. Explicit
ways of teaching Science to ELLs can be extracted using the analysis of the scientific
language. It will become possible for the teacher to use the information from the analysis
and combine it with the Science lesson. Teachers can employ what Lyster (2007) calls
intentional language instruction through which the attention of students is explicitly
brought to certain linguistic elements that emerge in the lessons.
This study entails the analysis of a small portion of the scientific language but it
can be beneficial to teachers if larger segments of the scientific corpus are studied.
Teachers will be able to use that information to tailor their teaching methods according to
the linguistic deficiencies found within the classroom. In this way, corpus analysis will
help in bringing together the instruction of the English language as well as Science more
smoothly.
The analysis of the scientific language will also help in teaching Science to
proficient speakers of English. Even though a proficient speaker may be fluent in the
spoken English language, it cannot be assumed that he or she is also proficient in writing
and grammar. The teachers can look at the analysis of the vocabulary of Science and help
proficient speakers excel at the aspects of grammar and language as well.
Hence, studying the vocabulary of Science can assist in solving a number of
problems that are faced by teachers teaching increasingly diverse classes. Analyzing the
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corpora of Science will assist in learning the variety of linguistic aspects of which the
scientific vocabulary consists. This research study will open up many opportunities for
further research into content-based instruction in other disciplines as well.
As mentioned previously, the main focus of this study is to analyze the vocabulary
of Science. The theoretical framework which offers the best analytical model to do so
comes from corpus linguistics which is discussed in the next section along with an
explanation on content-based instruction.
Theoretical Framework: Corpus Linguistics
This study is situated within the theoretical framework of corpus linguistics.
Corpus linguistics can be defined as a method of critical interpretation “based on detailed
searches for words and phrases in multiple contexts across large amounts of text...”
(O’Keeffe & McCarthy, 2010, p. 3). The word ‘corpus’ has been defined in many
different ways and in various contexts by scholars. In its most basic form which I will use
for the purpose of this study, a corpus is defined as a collection of written documents
(Coxhead, 2000). Within written texts, I am also including spoken language which is
ultimately transcribed in written form. It is concluded by the authors quoted above that
the term corpus is vague and includes many different aspects and cannot be characterized
in one simple way. The definition shifts across disciplines and the variety of corpora that
are used for analysis.
There are various purposes that can be carried out through a corpus analysis as
stated by O’Keeffe and McCarthy (2010). Previously unnoticed features of language can
be discovered through an analysis of the corpus and it is also essentia] when investigating
issues relevant to the usage of language. It is stated that the main aim of corpus linguistics
34

is to study the use of language through the medium of text. Corpus linguistics can also
help answer questions associated with how language works in particular discourses and
the shifting linguistic patterns depending on the situation and the passage of time.
Corpus linguistics helps in determining which words are used in particular
contexts and how frequently they are used (O’Keeffe & McCarthy, 2010). During the
performance of a corpus analysis, the two preliminary steps are the production of
frequency lists and the generation of concordances. Frequency lists establish how many
words there are in total in a particular corpus and their specific frequencies.
Concordancing allows one to search the corpora for any specific words or phrases for
further analysis. Both of these aspects of corpus analysis will be discussed in detail in the
next chapter.
History of Corpus Linguistics
The first employment of corpus linguistics can be traced back to the 13th century
when religious scholars alphabetically indexed each and every single word of the Bible
manually (O’Keeffe & McCarthy, 2010). This was done in order for others to be able to
find the words contained within the Bible and the frequency of their occurrences. Later
on, the corpus methodology was found being used in the 1940s by anthropologists such as
Franz Boas in their own simplistic manner when conducting field research (McEneiy et
al., 2006). The authors state that during those times, ‘corpora’ were simple collections of
written or transcribed texts which were documented on strips of paper and stored in
boxes. Even though the methods of recording and cataloguing their findings lacked
sophistication, the methodology was still considered to be ‘corpus-based’ since it was
founded upon observable data.
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As a result of this, the corpus methodology was harshly criticized in the 1950s by
Noam Chomsky due to the distorted nature of the data (McEnery et al., 2006). He states
that firstly the fact that these corpora were extremely small and were only used in the area
of phonetics was criticised and the second criticism stemmed from the impossibility of
the manual gathering of large bodies of text in sequence. The usage of technology in
corpus linguistics has made it possible to overcome these criticisms and consequently, it
has become a popular methodology.
In the 1950s, the notion of collecting actual data came into being and American
scholars of structuralism are considered to be the pioneers of gathering corpus data
(O’Keeffe & McCarthy, 2010). They dedicated their work to making real language data,
the foundation of what linguists study. The authors also state that it was around the late
1950s when the first computerized concordances appeared. In the 1960s, an interest in
studying first language acquisition based on data that are transcribed arose. There were
many improvements made in the 1970s as far as technology is concerned. Computerized
concordances replaced indexing cards and subject analysis was also automated. Within
the next two decades, corpora started to be used as devices for analysis by scholars in the
fields such as applied linguistics (O’Keeffe & McCarthy, 2010).
The term ‘corpus linguistics’ did not come into usage until the 1980s (O’Keeffe &
McCarthy, 2010; McEnery et al., 2006). However, the authors state that eventually corpus
linguistics emerged due to revolutions in technology in the 1980s and 1990s. As a result,
in addition to written corpora that are already present on the web, it has also become
possible to analyze multi-modal corpora including spoken corpora and documents of
body language.
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Technological Revolution in Corpus Linguistics
Having been surrounded by technology for the past few decades, it is
unimaginable to think how individuals performed manual indices of corpora containing
hundreds of thousands of words. Today, computers have enabled us to perform analyses
of corpora with word counts amounting to the millions. Enormous amounts of data can be
processed in a number of different ways as per the goals of the user. There are a variety of
computer programs that are available for download in order to perform a corpus analysis.
There are a number of advantages to using computers in the process of corpus
linguistics. Large corpora are processed within microseconds. It is also very easy to
search, categorize and sort through the processed data. Technology is not only
inexpensive financially but it also saves the user an enormous amount of time and energy.
The accuracy and consistency provided by technology can never be matched by any
manual efforts. It has also been stated that at times, there is a human bias if corpus data
are processed manually. Technology helps in lessening the bias if not prevent it altogether
thus making the results more reliable (McEnery et al., 2006).
Evolution & Progress of Corpus Linguistics
O’Keeffe and McCarthy (2010) state that it only in the 1960s when it was first
thought that transcribed corpora could help in the study of language acquisition. One of
the other earlier uses of corpus linguistics was in the construction of dictionaries by
lexicographers. Over time, corpus linguistics has also been used in many fields other than
applied linguistics. They also inform that the areas of language teaching and learning,
pragmatics, sociolinguistics, discourse and genre analysis and many others are employing
corpus linguistics and the corpus methodology.
37

The authors also state that corpus linguistics provides a way to analyze a language
through observation. This not only helps in uncovering the features of language which
were previously unknown but also contributes to the definition and explanation of
language. In corpus linguistics, the focus is on the ‘performance’ aspect of language
rather than that of ‘competence’ and the main goal through this process is to describe the
use of language and not its universality (O’Keeffe & McCarthy, 2010).
The notion of a corpus emerged in the 1960s after being deduced mainly from
lexicography and the first electronic corpus was the Brown Corpus which was put
together during this decade (O’Keeffe & McCarthy, 2010). The authors also state that
electronic corpus building since then has evolved in three different stages. Stage one
included two decades from 1960 to 1980 when the building and maintenance of a corpus
of up to a million words was still being learned and there were no electronic corpora
available as yet. Electronic text was available in the second decade of stage two which
lasted from 1980 to

2 0 0 0

and the scanner was also developed which made targets of 2 0

million words possible to analyze. Stage three came about in the new millennium when
the internet made text available to which there was no access prior to the year 2 0 0 0 .
Corpus Linguistics: Theory or Methodology?
The debate over whether corpus linguistics is a theory or a methodology has
garnered a number of different perspectives. McEnery et al. (2006) state that corpus
linguistics is not an independent branch of linguistics but a methodology. They suggest
that it is a system of principles regarding how to apply corpora in language studies and
even though corpus linguistics has a theoretical basis; it cannot be thought of as being a
theory itself.
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Tognini-Bonelli (2004) quotes Halliday (1993) who is a firm believer that corpus
linguistics is both a theory and a methodology. Halliday (1993) states that corpus
linguistics brings together the collection of the data as well as the understanding of
language from that data thus combining both quantitative as well as qualitative
approaches. The connection between the statistical methods on the one hand and the
insights related to language use on the other posit corpus linguistics as both theory and
method.
O’Keeffe and McCarthy (2010) believe that the usage of technology in corpus
linguistics has made a big difference in establishing it as a methodology rather than only
being a theory. It is suggested that the computer went through three stages of
development before being associated with corpus linguistics as a methodology. Over
time, corpus linguistics saw a revolutionary shift from being quantitative to being a
qualitatively sound theory.
Firstly, the computer was treated only as a tool that processed quantities of
corpora for analysis (O’Keeffe & McCarthy, 2010). In the second stage, the computer
generated a number of important insights about language but at the same time also
affected the frame of methodology by speeding up the process and enabling unimaginably
large amounts of data to be analyzed. At this stage, a specific methodology started to be
associated with work involving data. In the 1990s, the computer went through the final
stage of the revolution where it was not only held responsible for the quantitative
explosion but also ended up defining the theoretical base (O’Keeffe & McCarthy, 2010).
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Although as previously noted, corpus linguistics as a methodology can be dated
back to the 13 century; technology in the recent decades has defined its theoretical basis.
Earlier, manual indexing of every word was certainly done but it did not reveal much
about the data. Moreover, the amount of words that can be analyzed using technology
cannot be compared to manual indices. Large corpora are needed to see patterns in
language use. Today, computers are able to analyze millions of words in a very short
time. This is extremely beneficial to the user as the transcripts of the corpora can then be
perused to view the shifting trends in the linguistic performance. Hence, corpus
linguistics has a strong theoretical foundation along with being a mere method used for
analysis.
Why Corpus Analysis?
It is stated that even within the same language, many different linguistic genres
exist (Meyer, 2002). Each of the genres contains different aspects of the language. There
cannot be a common corpus-based analysis because words act differently as they move
across disciplines (Hyland & Tse, 2009). In addition to different genres, various registers
also exist within the same language. Biber, Conrad and Cortes (2004) state that
differences exist between spoken and written registers. Hence, performing a corpus
analysis on both teacher-talk transcripts and the written register help uncover the
similarities and differences between them.
The language of Science differs vastly from that of any other subject matter.
According to Hyland and Tse (2009), technical vocabulary, which accounts for the terms
that do not occur very frequently, is unique to subject-area and covers up to 5% of a
particular text. Nation (2001) states that a test of language proficiency is not the number
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of words known by an individual but actually the number of low-frequency words known.
Hence, if a student is able to speak English and do well in other subject areas, it cannot be
assumed that he or she will succeed in other subject matter such as Science. In this way, a
corpus-based analysis of Science will not only be useful to ELLs but also to individuals
whose first language is English.
According to Alderson (2007), knowledge of various words and their meanings is
an essential part of learning a new language. Encountering difficult words and phrases is
a severe hindrance to readers; especially those who are ELLs (Hyland & Tse, 2009).
According to Nation (2006), it was calculated that a reader would have to be familiar with
98% of the text in order to gain sufficient comprehension. A corpus-based analysis of the
Science textbook helps in determining how much of the scientific vocabulary exists
within a larger corpus.
A corpus can be analyzed in a number of different ways according to the goals of
the user. However, two of the most basic functions of corpus analysis include the
generation of frequency lists and concordances. Put into simplistic terms, a frequency list
is the automatic generation of a complete list of all the items contained in a particular
corpus. It is not only easy to see the most frequent items in that corpus but also those
elements that occur infrequently. A concordance can be generated when dealing with the
analysis of a single word within the corpus. A detailed discussion on frequency lists as
well as concordances follows.
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Frequency lists.
Put simplistically, a frequency list consists of different words according to their
frequency in a particular corpus. The software that is chosen to analyze the corpus
searches every single item within that corpus and displays each of the words on the screen
along with a number beside the word which represents the separate times that the word is
found within the text. The display also shows the total number of words or tokens
contained in any given corpus. The list of the words can be arranged either alphabetically
or in rank order of frequency. It is also possible to align frequency lists from different
corpora for the purposes of comparison. A screen-grabbed image of a software program
displaying a frequency list is shown in Figure 1 followed by a short discussion on what a
frequency list can reveal.
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Figure 1 Frequency List Screenshot

Types of words refer to the total number of words while tokens mean the total
frequencies of the words. Above the list of the words in the image, the total number of
word types in the corpus is 4,865 while the total number of tokens is 49,064. This means
that 4,865 different types of words occur in this corpus and each of their occurrence adds
up to 49,064. For instance, the first word on the frequency list in Figure 1 is ‘the’ which
occurs 3,007 times in the chosen corpus. This means that the word ‘the’ amounts to one
out of 4,865'word types and its occurrences amounts to 3,007 out of 49,064 word tokens.
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In order to compare corpora which are not equal in size, a process of
normalization is required which involves the extrapolation of raw frequencies from
corpora of different sizes being compared in order to be able to express them by a
common factor (O’Keeffe & McCarthy, 2010). In order to illustrate normalization, the
authors provide an example of two corpora of different sizes where one is a transcript of a
meeting while the other is that of a casual conversation. In order to determine the
frequency of the word token ‘we’ in both of these corpora, occurrences of the token in
both instances are divided by the number of total word count and multiplied by a
thousand. In this way, the authors established that in a casual conversation, ‘we’ had a
normalized count of six occurrences per thousand words while it had 14 occurrences per
thousand words in the genre of a meeting. This is essential to my study since the spoken
corpus used for this study only amounts to approximately 14,000 words which is much
smaller than the written corpus which is over 190,000 words.
Concordances.
Concordancing is a very useful tool in bringing together the different occurrences
of a single word. Simply put, this means that if a particular word has been used 50 times
in different places in a corpus, each of those 50 occurrences can be seen on a single pane
of the software program. After generating a frequency list, any token within that list can
be searched for anywhere in the corpus and the results are displayed on the screen which
is known as a concordance or concordance line. An image of a frequency list (see Figure
1

) was provided in the previous section in which the ninth term ‘cells’ was chosen in

order to see all of its occurrences. Figure 2 which follows depicts how a concordance is
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generated when one of the terms in a frequency list is chosen. Any of the occurrences of
the term ‘cells’ can be accessed with the concordance function.
Figure 2 Concordance Screenshot
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Hence, if the user wishes to see where within the corpus a particular word is
embedded, he or she can simply click on the word in the frequency list and all the
occurrences of that exact token along with a few words before and after that word are
displayed on the screen. There are other ways of locating various tokens through
concordancing as well which I explain next.
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A common form is known as simple concordance in which a single ‘node’ or
search term is looked for in all its contexts across a text (O’Keeffe & McCarthy, 2010).
When a node is looked up, it will be presented at the centre of a context containing the
characters that appear before and after that node. If the user wishes to see five words
preceding and succeeding the node, then the format should be set accordingly or in any
other way as required. Another way shown by the authors is known as sentence
concordance which shows complete sentences and the node word is highlighted wherever
it appears in the sentence. This seems to be a better method of concordancing since more
contextual information regarding the search term is provided to the user.
Generating frequency lists and concordances are important tools in order to study
the vocabulary of Science as they allow one to analyze each and every single word of a
corpus. Discovering the constituents of the vocabulary of Science is a first step this
research study takes. However, similar studies on a much larger scale will help uncover
essential findings related to teaching subject matter to ELLs such as the formation of
particular teaching strategies based on the corpus of a specific discourse. After the
analysis of the corpora, in addition to it, the principles of content-based instruction can be
utilized in order to determine various pedagogical approaches which will make it simpler
to teach students from varying levels of proficiency within the same classroom. Webster
and Hazari (2009) state that content-based instruction is a technique of teaching that can
incorporate subject matter and ESL instruction. An explanation on content-based
r

instruction is included in the following section.
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Content-Based Instruction
Lyster (2007) uses the term content-based instruction broadly to include academic
environments where the subject matter is used as a way of offering students opportunities
for learning the target language. He states that content-based instruction is not only
cognitively encouraging in nature but is also a basis of motivation for students to establish
useful communication in the target language. Webster and Hazari (2009) also echo this
claim by stating that content-based instruction promotes second language learning by
lessening the burden of language teaching and learning which only occurs in the ESL
classroom and distributing it across all subject-areas.
Lyster (2007, p. 2) quotes Lightbown and Spada (2006) who state that contentbased instruction is a “two for one” approach since students learn the content of the
subject as well as the target language. As a result of the achievement of two goals,
content-based instruction is known to increase the exposure of students to the target
language as opposed to any other method. It is also known to create the best conditions
for language and cognitive development. Research has also shown that content-based
instruction helps in expanding the level of second language proficiency among learners
regardless of their linguistic background prior to learning the L2 (Lyster, 2007).
Krashen’s (1982, 1985, 1994) theory of comprehensible input is also discussed
which states that acquisition will occur when learners are exposed to input that contains
elements that exceed their current level of competence. One of the main premises of
content-based instruction lies in Krashen’s (1982, 1985, 1994) theory. Hence, it is
essential that learners be exposed to language that is slightly beyond their grasp in
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content-based instruction as well. However, exposure is still not a sufficient condition for
L2 acquisition.
Lyster (2007) states that one of the most important aspects of content-based
instruction is student production in the target language and this is achieved through
interaction that students have with their teachers, with other students as well as with the
content itself. Swain’s (2005) output hypothesis also suggests that language production
not only constitutes the product of language learning but it is part of the process itself.
Content-based instruction provides natural learning environments for second language
learning to occur. If content-based instruction proves to be efficient as far as pedagogy is
concerned, it will be very advantageous in terms of teaching English as well as the subject
matter to ELLs. Communicative competence is achieved due to constant opportunities for
speaking in the target language which will be instigated by the particular discourse in
which the students must engage in order to complete various academic tasks successfully
(Lyster, 2007). Makiko (2009) states that another advantage of using the principles of
content-based instruction in the teaching and learning of Science is that it is correlates
with student motivation. This allows students to make errors as well as understand the
real purpose of achieving proficiency in English which goes beyond merely passing the
course. Therefore, in content-based instruction, learning the L2 as well as the subject
matter will occur simultaneously which will help students become proficient in both
aspects.
I have presented patterns that emerged in the literature relevant to the teaching and
learning of Science as well as the theoretical framework in this chapter. In the next
chapter, I describe how the corpora are analyzed using the corpus methodology.
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CHAPTER 3: METHODS AND DATA COLLECTION
The analysis of the vocabulary of a 10th -grade Science textbook as well as the
language used in one classroom was the primary focus of this research study. It was also
essential to understand the context of a current

1 0

th-grade classroom of a major city in

Ontario. To study the scientific lexicon, corpus analysis proved to be the best method.
Two interviews were conducted with a 10th-grade Science teacher in order to gain
valuable information regarding the pedagogical routine and the classroom environment.
Two types of corpora were analyzed for this study; written and spoken. The source of the
written corpus was a Science textbook and the spoken corpus included audio-recordings
of the Science teacher’s lessons. I entered the Science classroom in order to collect the
recordings on three occasions. Proper ethical approval was sought prior to working with
the teacher as well as before entering the classroom.
Three essential elements are the focus of this chapter; the methods used for data
collection, the process of data collection itself and ways in which the data are analyzed.
The corpora that are chosen for analysis and each of the methods that were utilized in the
study are discussed in this chapter. The computer software that was used for analysis is
also described. This is followed by detailed accounts of the process of collection and
storage of both the interview and the corpus data. Strategies of data analysis are also
explored. Possible limitations of the methods as well as the study conclude the chapter.
The Corpus
As stated previously, the primary goal of this study was to examine the linguistic
constituents of the discourse of Science as a school subject. As mentioned in Chapter 2,
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Biber et al. (2004) state that academic language varies across registers. A register is not
clearly defined but examples of a register include an editorial, fictional writing, letters as
well as spoken discourse (Biber, Conrad & Reppen, 1994; Biber et al., 2004). This study
was designed in a way which would involve as many registers as possible. Hence, in
order to analyze the scientific discourse at the

10

th-grade level broadly, two registers were

chosen; the written and the spoken. One of the reasons for choosing audio-recorded
transcripts of teacher talk was because of the lack of information on spoken academic
language in educational research. However, it must be noted that only one teacher was
recorded on three occasions which covered a very small portion of the curriculum.
The Science textbook provided the written corpus for the study. It was chosen
from a list of textbooks approved by the Ontario Ministry of Education about which
details are provided in the next section. Three of the teacher’s lessons were audiorecorded and later transcribed which provided the spoken register.
The Written Corpus
Three textbooks are used in 10 -grade classes across all the school boards in
Ontario out of which one was selected for this study. The textbook is titled ‘Pearson
Investigating Science 10’ and is authored by Lionel Sandner (2009) and many other
contributors. The textbook contained 12 chapters that explored a wide range of topics in
Biology, Chemistry, Meteorology as well as Physics. The number of word tokens in the
textbook totalled 191,446. This textbook was used due to its availability in the electronic
form. I was able to obtain the permission from its publishers easily. I also ensured that the
textbook fulfilled all the criteria set by the Ontario Ministry of Education which are
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compiled in a document known as the trillium list. I describe the trillium list in detail in
the next section.
The Trillium list.
The Ministry of Education approves textbooks for all subjects and for all grade
levels which must be used to teach in schools in Ontario in both the applied as well as the
academic streams4. According to the overview of the list, all the textbooks “have been
subjected to a rigorous evaluation in accordance with the criteria specified in Section 4 of
Guidelines for Approval of Textbooks” (Ontario Ministry of Education, 2011). All the
textbooks are evaluated on the grounds of content and format. The Ministry webpage
contains an abundant amount of information including a policy document explaining the
selection process as well as a simple navigation pane in order to search the titles of the
approved textbooks.
According to the policy document, some of the criteria to which all the textbooks
have to adhere include the quality of content, issues of health and safety, environmental
responsibility and the appropriate language level among many others (Ontario Ministry of
Education, 2008). In the case of supplementary teaching aids, it is the responsibility of the
school boards to approve each of the resources as stated in the document.
Even though the document was published by the Ontario Ministry of Education in
2008, the webpage is updated frequently to reflect all the changes made in the selection
criteria. Other than information regarding the approval of various textbooks, there also

4 Applied and academic are two streams o f study at the secondary school level in Ontario. Students who
study in the applied stream will have to continue their post secondary education at the college level whereas
those in the academic stream are able to qualify for a university education.
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exist appropriate timelines also exist in terms of when the usage of some of the textbooks
should be discontinued in all the classrooms across all school boards in Ontario.
Following is a table outlining the contents of the textbook that was used for this study.
Table 1 Textbook Contents
Unit A

Unit B

Unit C

Unit D

Tissues, Organs, and
Systems o f Living
Things_____________
Chapter 1
Cells are the basic unit
o f life and often
combine with other cells
to form tissues.
1.1 Plant & Animal
Cells
1.2 The Cell Cycle
& Mitosis
1.3 Specialized
Plant & Animal
Cells
Chapter 2
An organ consists of
groups o f tissues and
works with other organs
to form organ systems.
2.1 Organs in
Animals & Plants
2.2 Organ Systems
in Animals & Plants
2.3 Interdependent
Organ Systems

Chemical Reactions

Climate Change

Light and Geometric
Optics

Chapter 4
Chemical change occurs
during chemical
reactions.
4.1 Matter & the
Periodic Table
4.2 Ions, Molecules,
& Compounds
4.3 Chemical
Reactions

Chapter 7
Earth’s climate system
is a result o f interactions
among its components.
7.1 Climate
7.2 Heat Transfer &
the Natural
Greenhouse Effect

Chapter 5
Acids and bases are
important to our health,
industries, and
environment.
5.1 Acids & Bases
5.2 Neutralization
Reactions

Chapter 8
Earth’s climate system
is influenced by human
activity.
8.1 The
Anthropogenic
Greenhouse Effect
8.2 Physical Effects
o f Climate Change
8.3 Social &
Economic Effects
o f Climate Change
Chapter 9
Local, national, and
international
governments are taking
action on climate
change.
9.1 The Future of
Climate Change
9.2 Action on
Climate Change:
Mitigation &
Adaptation

Chapter 10
Light is part o f the
electromagnetic
spectrum and travels in
waves.
10.1 Light & the
Electromagnetic
Spectrum
10.2 Producing
Visible Light
10.3 The Ray Model
ofLight
Chapter 11
Ray diagrams model the
behaviour o f light in
mirrors and lenses.
11.1 Mirrors
11.2 The Refraction
ofLight
11.3 Lenses

Chapter 3
Advances in biological
technologies have an
impact on individuals
and society.
3.1 Medical
Imaging
Technologies
3.2 Public Health
Strategies to
Prevent Disease
3.3 Social & Ethical
Issues in Systems
Biology_____ _____

Chapter 6
Chemical reactions can
be grouped according to
the characteristics o f
their reactants and
products.
6.1 Synthesis
Reactions &
Decomposition
Reactions
6.2 Combustion
Reactions &
Displacement
Reactions

Chapter 12
Optical devices help us
see farther and more
clearly than we can with
unaided eyes.
12.1 Human
Perceptions ofLight
12.2 Technologies
That Use Light
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The Spoken Corpus
The research for this study was conducted at a secondary school which will be
identified as Black Haw High School of the local school board of a major city in South
Western Ontario. The data were collected over a period of two weeks toward the end of
the first academic semester which lasted from September to December of the year 2010.
The purpose was to record the language that is used to teach Science to a classroom
consisting of students from diverse cultural and linguistic backgrounds. Interestingly, the
mission statement of this school is, “...meeting the needs of a diverse student population
to encourage individual potential and the achievement of excellence” (Xxx Xxxx
Secondary School Mission Statement, 2010). Hence, it can be understood that the choice
of school to conduct research was appropriate to accomplish the purpose of this study.
In order to collect the spoken corpus data, I observed a 10th-grade classroom on
three different occasions in order to gather the audio-recordings. Even though I could not
help but observe the interaction in the classroom, none of the information having to do
with any of the students is used at any stage of this study. Other than the teacher-talk
recordings, the sorts of information that I collected included student attendance in the
class on each day, the parts of the world from which the students came and notes on the
teacher’s language. However, I understand that my presence in the class may have had
implications which are discussed in the limitations toward the end of this chapter.
Although I had no direct interaction with any of the students, the parents were
nevertheless informed in advance of my attendance in the classroom with a letter of
information which can be found in Appendix D. In case of their objection to my presence,
information on alternate arrangements which would have been made for their son or
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daughter was also provided. The parents were also assured that the voices of the students
would not be recorded in the first place and would be deleted in case of accidental
recording. Fortunately, the teacher informed me that none of the parents of the students
had any concerns.
The audio-recorder was placed on the teacher’s desk at the front of the classroom
from where it was easy to record the teacher’s lessons. Even though the teacher moved
across the classroom throughout the duration of the class, his voice was successfully
recorded. Each period lasted for 75 minutes which made the spoken corpus approximately
four hours in size. Each of the recordings included introductions to various scientific
topics, discussions with the students as well as reviews of previously taught lessons. After
the transcription, the final word count of the spoken corpus was 14,550 words.
Interviewing the Teacher
The Principal of the school was provided with a letter of information for the
teacher which can be found in Appendix C. The Science teacher whose lessons were
audio-recorded in the classroom and who will be identified as Mr. Ian Blair agreed to
participate in the study. He was interviewed on two different occasions which were
conducted within the premises of the school. The research process was initiated by the
first interview and the second interview concluded the data collection. Both the
interviews lasted for an average of 25 minutes and were audio-recorded and later
transcribed. I took measures in documenting the non-verbal interaction and the
idiosyncrasies of the teacher during the transcription of the interviews.
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The interviews were conducted in a semi-structured format as there was a
combination of a specified set of questions that I prepared in advance as well as those
prompted by the direction the interviews took on their own (Gay, Mills & Airasian,
2009). I also took notes during the course of the interview. Confidentiality was granted to
my research participant. Interviewing the Science teacher provided a wealth of
information for my study that no other method would have been able to offer. I obtained
specific information from the teacher regarding the language of the text, the learning
potential of the ELLs in his classroom and his style of teaching.
The order of the interviews was determined by the types of information that I
aimed to gather from them. The first interview was carried out before any audiorecordings of the classroom lessons were made in order to discover the dynamics of the
classroom and the knowledge of the teacher regarding the linguistic diversity of the
students in the classroom. The teacher’s professional background was also explored. It
was also imperative to understand his personal style of teaching as well as the resources
that were used during the teaching of the scientific content in the classroom. Essential
information was gathered on topics such as different tips and strategies that were used
while teaching a diverse class. Challenges that he faced as a teacher and those that are
faced by the students concluded the first interview.
After the first interview, the three audio-recordings were made before conducting
the second interview. The content of the second interview was inspired by the
observations that I made within the classroom. I also asked Mr. Blair about the role of the
parents and community members of his students, in the teaching and learning of Science
in and out of the classroom. Finally, the perspective of the teacher on the language of
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Science was sought. Both sets of questions that guided the first and the second interviews
are attached as Appendices E and F. The findings from the interview are discussed in the
next chapter.
Transcription & Storage of the Data
After the completion of each of the interviews as well as the teacher-talk
recordings, the spoken data were saved directly onto the computer from the audiorecorder through a USB cable. Both of the files were saved into a folder and played on
iTunes which is a digital media player application during the process of transcription.
¡Tunes is efficient for playing any audio files as the sound clarity is excellent and it is
very easy to rewind and fast-forward any portions of the recording.
As for the transcription of the non-verbal components during the interviews and
the teacher-talk, I made notes on Mr. Blair’s idiosyncrasies. Also, I created a set of codes
to help during the transcription of the interviews. I assigned symbols not only to the non
verbal aspects but also those that were verbal but proved to be audibly challenging during
the transcription. Each of the interviews and teacher-talk lectures was first transcribed on
a notepad. After having done so, the audio-recordings were played again in order to
ensure that my initial transcription was accurate. Necessary changes were made. The next
step was to type the transcripts on paper onto a Microsoft Word page. Transcripts of both
the interviews and the teacher-talk lessons were saved into a separate folder. While
coding the interview data, no software programs were used. In order to find recurring
themes, each of the interviews was studied manually. Table 2 describes the codes I
systematized and what they represented in the transcription.
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Table 2 Transcription Codes
Code

Description

(XYZ-ABC)

Partially inaudible (1-2 words)

?• 5 9*9•> 9*9*9*

Completely inaudible (1-2-3 words)

...

Pauses

Emphasized word

Emphasis

[Unrelated content]

Unrelated content

Analyzing the Corpus
As far as the spoken corpus is concerned, the total number was 14,550 words and
the corpus of the textbook contained 191,446 words in total. The spoken corpus is much
smaller in size than the written. Instead of a few selected chapters chosen for analysis, the
entire textbook was considered. Firstly, only one book was being used for analysis and
secondly, a motive of this study was to answer a research question regarding the
frequency of terms which are either specific or relevant to the scientific discourse in the
chosen corpus. Even though the entire textbook was considered for analysis, every single
term could not be analyzed for two reasons. Firstly, it was not manageable to analyze
each of the 191,446 words and secondly, many of the words were not necessarily specific
to the scientific context.
The corpus for this study was analyzed using an online software program known
as AntConc (Anthony, 2007). It was free of charge and required a quick download from
the internet from its webpage (http://www.antlab.sci.waseda.ac.jp/software.html). The
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program came with an instructional guide which was very helpful. It was a user-friendly
program with minimal demands. The only requirement was to convert all the transcripts
that were saved as Microsoft word documents to .txt format before analysis.
Isolation of the Scientific Vocabulary
The corpus analysis software that I used includes every single word in the
frequency list even if it only occurs once in the entire corpus. Out of a list of 191,446
words, those chosen for analysis were isolated with adherence to a list of criteria that I
created. An illustration of the criteria that I used and how they were applied to the corpus
is provided in the next section. It must be kept in mind that the corpus in question for the
following criterion is only the corpus of the Science textbook. The procedure for the
isolation of the spoken corpus follows that of the written corpus from the second criterion
onwards.
The first criterion for selection was frequency. In the textbook corpus, only those
words with a frequency of 10 and higher were chosen for analysis. The frequencies of
these words ranged from 11,077 as the highest to 10 being the lowest. The selection of a
certain frequency made the data analysis manageable. Another reason for doing so was in
order for the analysis to benefit ELLs as they would encounter these words at least 10
times in their Science textbook. The total number of word types after the application of
the first criterion was 2,393 from a total of 10,604 words.
In the English vocabulary, there are different families of words that differ in
occurrence. Function words which include the articles ‘a’, ‘an’ and ‘the’, prepositions
such as ‘in’, ‘on’, ‘for’ and ‘to’, conjunctions such as ‘because’ and ‘and’ and pronounces
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including ‘it’, ‘he’, and ‘she’ occur more frequently while content words which are
technical terms do not occur very often (Meyer, 2002). Hence, the second criterion for
isolation of the scientific vocabulary involved deleting these function words from the
initial list of 2,393 words in the written corpus. The inclusion of these words would have
been interesting in the study of how ELLs understand the language of Science. However,
for the purpose of this study, only content words were used since the aim was only to
uncover the scientific vocabulary.
Thirdly, words that could easily be found outside the scientific context were also
removed. These words constituted simple verbs such as ‘is’, ‘describe’, ‘would’ and
adjectives such as ‘normal’ and ‘different’. However, I did not remove the verbs and
adjectives that were very common to the language of Science. Some of these verbs
include ‘emit’ and ‘inhale’ and adjectives such as ‘ionic’ and ‘concave.’ The fourth and
final criterion was to remove any other words that were not scientific in nature. A simple
test to decide which words remained on the list was to generate concordances for them in
order to see if they were used in the scientific context. Also, having had experience
supervising a Science class containing ELLs, I had a sense as to which words would be
known to them without much trouble. Many simple, everyday words which were thought
to be known due to their extensive usage in regular contexts were also removed from the
list. A few examples of these include ‘key’, ‘camera’, ‘society’ and ‘individuals’ among
others since their primary meaning is not scientific. The selection of these words was
made at my discretion.
Hence, the words that remained after applying the criteria for deletion included
those that were intrinsically scientific in nature such as ‘sodium’ and ‘photosynthesis’.
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Other words included those that were not only common to the scientific corpus but those
that could be problematic for ELLs given their multifaceted meanings. Following is a
screen-grabbed image of a frequency list from the textbook corpus where I provide an
example of how I applied the aforementioned criteria.
Figure 3 Isolation of the Scientific Vocabulary (Textbook Corpus) Screenshot

Figure 3 depicts a list of 17 words out of which many were deleted adhering to the
criteria explained previously. In relation to the first criterion, the words on this list
occurred at a high frequency rate within the textbook; the highest being 230 and the
lowest being 198. Following the second criterion, the preposition ‘between’, the adjective
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‘many’, the adverb ‘when’ and the pronoun ‘this’ were removed. Also, the verbs ‘using’,
‘make’, ‘describe’ and ‘see’ were omitted. Words such as ‘human’, ‘people’, and
‘information’ were also deleted. These adhered to the third criterion which included
words that are far too general and would be known to individuals even with an English
language barrier. The only words that remained on this particular list were ‘carbon’,
‘body’, ‘C’, ‘organ’, ‘O’ and ‘rays.’ Concordances were generated for the 105th term ‘C’
to gain more contextual information. It was discovered that at times it was used in the
scientific context when it denoted the chemical symbol for ‘Carbon’ but on other
occasions, it denoted the first initial in ‘Communication’ indicating that a certain activity
in the textbook involved communicational abilities of the students. I decided to include
‘C’ on the list because at least in a few instances, it was used in the scientific context. The
113 term ‘O’ denoted the chemical symbol for Oxygen. These criteria were applied to
every word with a frequency of 10 or higher which totalled to 2,393 words. The total
number of words at the end of this process of isolation was 420 word types in the written
corpus.
As mentioned earlier, the complete teacher-talk corpus totalled to 14,550 word
tokens. With the exception of the first criterion which was of frequency selection, all of
the other criteria were applied to the spoken corpus as well. No particular frequency was
selected for the spoken corpus due to its small size. The entire corpus was chosen for
analysis. After the application of the second and third criteria, the number of word types
for analysis was 162. Both the written and the spoken word lists were then saved on to
separate Microsoft Word files and arranged into tables for further analysis. Complete lists
are attached as Appendices A and B. It should be noted that lemmas of a single word are
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considered as individual word types. For instance, the word ‘compound’, ‘compounds’
and ‘compounded’ add up to three word types as opposed to only one and that is how
they are considered in this study as well.
During the categorization of each of these words as either specific or relevant to
Science, the deciding feature for the classification is their meaning. In order to determine
the exact meaning of the words, online dictionaries were consulted. I accessed
Dictionary.com (2011) to define words that had meanings which were external to the
scientific context. To see the meanings of the word that occurred in the scientific context,
Science-Dictionary.com (2011) was accessed. At times, it was easy to forget that certain
terms were innately scientific in nature due to their widespread usage in general contexts.
Some of these have been used to the extent that they are more widely known for the
metaphoric slang usage than the primary scientific meaning. Examples of such terms
include ‘water’, ‘sun’ and ‘Earth’ among many others. The online dictionaries were very
effective in separating the scientific meanings from the common connotations. For terms
that were problematic, if the dictionaries presented their primary meaning as belonging to
any o f the fields and subfields of Science, they were included in the list for analysis.
Both online dictionaries are very efficient sources for the determination of the
lexical classes. Dictionary.com (2011) as well as Science-Dictionary.com (2011) are both
very easy to navigate. In order to search for the meaning, the word was typed into the
search field and all its connotations, scientific and otherwise, were displayed on the
screen. Dictionary.com (2011) depicts all possible meanings of the word across all fields,
time periods and lexical categories (e.g., nouns, verbs, adjectives). ScienceDictionary.com (2011) primarily shows the meanings occurring in the contexts of
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Science. Technical terms found in a variety of the fields and sub-fields of Science
including Chemistry, Biology, Physics as well as Electricity, Optics and Earth Sciences
can be looked up using the online scientific dictionary. Each of the words was searched
for its appropriate meanings using both of these online dictionaries in order to place it in
the appropriate lexical class.
Limitations
There were many restrictions posed by the methods, the samples chosen for the
study and the research study in general. Since only one of the textbooks was studied,
assumptions cannot be made regarding the generalization of the scientific vocabulary.
There is a possibility of huge discrepancies within the content of all of the textbook
publications. The selection criteria for the scientific vocabulary were designed at my
discretion. In spite of multiple revisions, there is a possibility that I may have overlooked
important terms that needed to be included in the study.
Only one Science teacher was interviewed for this study. The data from the
interview cannot be generalized as being the viewpoints of other teachers as well.
During the audio-recording of the teacher’s lessons on three occasions, I was present in
the classroom. One of the interviews took place before the classroom observation in
which I revealed the aim of my study to Mr. Blair. He could have altered his language
and instructional techniques to favour the demands of my study.
The study was also designed in ways to make it manageable within the time
duration of a Master’s program. A number of different methods were employed in order
to achieve results from different perspectives. Hopefully, this study will inspire other
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similar research projects in the field which will broaden the horizon and help tackle the
limitations that were faced this time.
In the next chapter, I describe as well as discuss the findings that emerged from
the corpus data and the interviews.
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CHAPTER 4: FINDINGS AND DISCUSSION
As mentioned earlier, two types of data were collected for this study. The analyses
of the textbook as well as the teacher-talk corpora help in uncovering the vocabulary of
Science. The interviews with the Science teacher provide an understanding of the context
of a 10 -grade classroom. Findings from both types of data are presented and discussed in
this chapter.
In the presentation of the interview findings, I introduce my research participant in
terms of his professional background and style of teaching. I also depict Mr. Blair’s
perspective on the vocabulary of Science. I have chosen to present the interview findings
before the corpus data findings so that the 10th-grade class can be used as a context in
which to interpret the findings of the corpus analysis.
Both the written and spoken corpora were analyzed in terms of the lexical classes
proposed by McDonnough and Cho (2009) in the previous chapter. After the
classification of the scientific terminology in these classes, I saw patterns emerge out of
the terms in addition to those that were either content-specific or content-relevant.
Findings for all the words occurring in these lexical classes are presented and discussed.
The proportions of each of the lexical classes of both the corpora are presented
statistically in order to make comparisons.
The Research Participant: The Teacher
Mr. Blair had been a High School Science teacher for five years before the
academic year 2010-2011 in which this study was conducted. He had also taught as a
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Long-Term Occasional (LTO)5 teacher for two years prior to beginning to teach full-time.
Chemistry and Biology were his teaching subjects and he also had a post-graduate degree
in Science. Other than Science, he had taught Mathematics as well as History at the
beginning of his teaching career.
As far as his style of teaching is concerned, he used the whiteboard extensively
while overhead projectors occasionally. He did not use technologically advanced
pedagogical methods such as Power Point slides since the set up of his classroom was not
favourable for any such devices. However, he informed me that he would certainly use
technology to teach if it were possible to do so. Mr. Blair used a variety of different
methods while teaching Science which allowed for visual aids to accompany the readings
and terminology.
The audio-recordings were made on three consecutive days during period one
which lasted from 8:30 a.m. to 9:45 a.m. The classroom had 25 students out of whom at
least 22 were present on each of the three occasions. As stated in the motto of the school
itself, the classroom was visibly very diverse with students from different cultural
groups including South Asia, East Asia, Europe as well as South America. I was
notified by the teacher during the first interview that eight out of the 25 students had a
first language other than English which meant that 32% of the class population were
ELLs.
Generally, he did not use the textbook to a large extent making this academic year
(2010-2011) an exception. He told me that the curriculum had changed from the previous

5 According to the Ontario Ministry o f Education (2011), a Long-Term Occasional (LTO) teacher is “in
their first long-term occasional assignment o f 97 or more consecutive school days.”
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year which had also led to the usage of a new textbook and hence there was a lack of
teaching resources on the latest content. Even though he did not use the textbook
extensively, he believed that it was useful for the teaching of new terminology as well as
for providing background information on various topics. As far as other teaching
resources are concerned, he consulted the internet for articles and visual descriptions of
different concepts. When possible, he also spoke to Science teachers from other schools
in order to gain an understanding of how they tackled various issues surrounding the
teaching of Science in a diverse classroom and shared pedagogical resources.
Scientific Vocabulary & Textbook Language
As discussed previously, it is essential for a student to gain a considerable
proficiency in the academic language in order to succeed in school (Cummins, 2009). A
wide range of vocabulary is one of the necessities of strong proficiency in any language.
The language of every subject brings with itself a specialized vocabulary that is specific
to that particular discourse. During the first interview itself, Mr. Blair commented on the
fact that the discourse of Science contains an abundance of very specific vocabulary that
is not commonplace. He stated that a reason for that is because Science is a synthesis of
many different disciplines. He also informed me that teaching the new terminology to the
students was one of the aspects for which he used creative approaches. Mr. Blair also
echoed the claim of many researchers that learning the vocabulary of Science is like
learning a new language.
Mr. Blair talked about scientific literacy which is the ultimate goal of the Science
curriculum and how it was important for every student to gain efficiency in it over time.
He also stated that his aim was to equip his students with scientific knowledge which
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would help them even when they are outside the academic domain. It was essential to him
that his students are able to comprehend any scientific material including newspaper
articles or stories in the news such as the British Petroleum oil spill crisis outside of class.
Many believe that textbooks should not be relied on entirely and others suggest
that they must be modified for ELLs to be able to understand the content (Watson, 2004).
However, Colburn and Echevarria (1999) believe that textbooks are an essential aspect of
pedagogy and ELLs need access to appropriate grade-level texts. Bernhardt et al. (1996)
also believe that simplifying the content of the textbook for ELLs is not the right option
as it deprives them of important lessons. Mr. Blair was also in agreement with the fact
that proper textbooks need to be used for ELLs without any simplification or
modification. He stated that the textbook was not used very often but it was useful in
order to teach the scientific terminology explicitly.
Now I discuss the patterns found within the written and the spoken corpora.
Defining the Lexical Classes & Classifying the Scientific Vocabulary
As mentioned previously, McDonnough and Cho (2009) bring to attention the
variety of terms that is found in the scientific discourse. They state that certain terms are
specific to the context of Science and others are relevant. Essentially, this dichotomy has
guided one of the research questions. The search for the answer led to the isolation of the
scientific vocabulary as discussed in the previous section. Hence, after the selection of the
lexicon of Science, I classify the final lists of words into the classes suggested by the
authors in the next section.
After the preliminary classification, there were a number of words that did not fit
into either one of the categories proposed by McDonnough and Cho (2009). Based on the
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high frequency of these terms, it was obvious that they were an essential part of the
scientific corpus. While McDonnough and Cho (2009) provide a useful dichotomy, their
classification does not capture the complete essence of the scientific discourse. It became
crucial to attain an in-depth understanding of the scientific vocabulary found in my data.
In order to account for the terms that did not belong to either of the two
categories, I began to peruse the list in order to examine the rest of the words. Eventually,
I began to categorize words with similar features into groups. Initially, these groups did
not possess enough information in order for them to be included as essential components
of the scientific vocabulary. However, after a careful examination on several occasions, it
became evident that they were important to the study of the scientific lexicon.
Consequently, I was able to extract newer lexical classes in addition to content-specific
and content-relevant discussed previously.
It should be noted that I call content-specific and content-relevant lexical classes I
and II respectively. Following are the findings that led to the creation of lexical classes
III, IV and V which I present here. In addition to these, I noticed the emergence of lexical
class VI which has little to do with the vocabulary of Science but is important
nonetheless. I introduce each of the lexical classes briefly followed by detailed
explanations as well as illustrations from both corpora.
Lexical Class I: Content-Specific
After the generation of the frequency lists, the first task was to select all the words
that belonged to the first lexical class which is content-specific. These words were very
easy to select as they are only found in the scientific context. As mentioned earlier, some
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words are used so extensively that many forget their origin as being primarily scientific.
Such words are also included in this class. Words such as ‘plastic’, ‘iron’ and ‘salt’ are a
few illustrations.
Terms including the names of the elements on the periodic table, biological
processes and the organs of the human body, various scientific instruments and states of
matter as well as technological inventions situated themselves in this lexical class. Words
such as ‘sodium’, ‘homeostasis’ and ‘mitosis’ are singular in their core meaning. It is
highly unlikely that the meanings of most of these words will be recognized by ELLs
upon their first encounter with them.
As far as the written corpus is concerned, 327 out of 420 words and in the spoken
corpus, 117 out of 162 are content-specific. Tables 3 and 4 list a few of the contentspecific words from the written corpus and the spoken corpus respectively. In appendices
A and B, the terms that are boldface are content-specific in the written and the spoken
corpora respectively.
Table 3 Lexical Class I: Content-Specific Terms in the Written Corpus
Chemical

Microscope

Chloride

Polymer

Hydroxide

Equator

Phloem

Litmus

Laser

Gene

AIDS

Esophagus

Calcium

Mitosis

Immune

Species

Ammonia

Nerve

Refract

Telephoto
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Table 4 Lexical Class I: Content-Specific Terms in the Spoken Corpus

Blood

Duodenum

Vitamin

Ion

Pulmonary

Skin

Glands

Enzyme

Jejunum

Mucus

Heart

Sulphide

Deoxygenated

Capillaries

Digest

Exhalation

Lexical Class II: Content-Relevant
After the selection of all the terms belonging to the content-specific class, the
terms that were already known to have multiple meanings were selected. As mentioned
previously, content-relevant terms are very general in nature at first glance but have an
additional meaning specific to the scientific context. The next step was to isolate the
words that had at least one connotation which was scientific. Each of the words was
searched in order to find their meanings outside the scientific context on Dictionary.com
(2011). The meanings were then noted down on a Microsoft Word document. Then,
Science-Dictionary.com (2011) was consulted for the scientific meaning of the terms. The
scientific meanings were also noted down on the same page.
General in nature, these words are complicated especially for ELLs as the
meaning differs when they are present in the scientific context. The terms might even be
comprehensible to some without understanding the complication that they bear. In the
written corpus, 30 out of 420 words and in the spoken corpus, 11 words were content
relevant out of the list of 162. Tables 5 and 6 depict all the content-relevant words in the
written and the spoken corpora respectively.
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Table 5 Lexical Class II: Content-Relevant Terms in the Written Corpus

Tissues

Base

Solid

Charge

Matter

Cell

Compound

Plants

Cancer

Mass

Basic

State

Cells

Tissue

Compounds

Bases

States

Organ

Organs

Plant

Perch

Battery

Concentration

Charged

Chest

Batteries

Pupil

Solution

Volume

Gamma

Table 6 Lexical Class II: Content-Relevant Terms in the Spoken Corpus

Basic

Tissue

Cellular

Organ

Organs

Chest

Tissues

Base

Cells

Appendix

Colon

Some of the most common words found in Biology include ‘organ’, ‘cell’ and
‘tissue.’ It becomes problematic at times when the general meanings of these words are
more common than the scientific connotations. For instance, ELLs might be more
familiar with the general meaning of ‘tissue’ which is ‘paper products used for many
household purposes.’ It is essential that the students, especially ELLs know the scientific
usage of these terms as they are some of the basic building blocks of a good scientific
vocabulary. The meaning o f ‘organ’ outside the scientific context is a musical instrument
and ‘cell’ can stand for ‘a prison room’ or slang for ‘a cellular phone.’

In the study of Physics as well, many terms were encountered whose general
meanings were more familiar than the scientific meanings. Words including ‘state’,
‘volume’ and ‘matter’ need to be explicitly introduced along with their general meaning.
Also included in this list are words commonly found in Chemistry such as ‘base’ or
‘basic’ and ‘solution.’ ELLs as well as proficient speakers of English may not necessarily
associate ‘basic’ with ‘an element that has a pH level of greater than seven.’
Canada is home to ELLs from countries all over the world. At times, the usage of
many words in locations outside of North America differs greatly from those taught here.
Dictionary.com (2011) mentions that the general meaning of ‘compound’ as used in the
far East as well as Africa is ‘an area of residential homes’. Having supervised ELLs from
a South Asian background, I noticed that many were more familiar with the meaning of
the term ‘pupil’ as referring to ‘student’ as opposed to any other term. Hence, it should be
kept in mind that many terms may not seem multilayered in terms of their meaning but
might contain more than one meaning for ELLs who have come from certain parts of the
world. Proficient speakers of English may also have difficulty with terms of this nature.
After the classification of the terms into the two categories proposed by
McDonnough and Cho (2009), there still remained a large number of words on the lists
that did not fit into either of them. The words were still very commonly found in the
scientific context at high frequencies. Hence, in order to account for them, I arranged
these terms into separate categories based on the commonalities they shared. New trends
emerged which are discussed in the next section. Following are the findings which led to
the creation of newer lexical classes and the classification of these terms is also described.
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Additional Lexical Classes
As mentioned in the previous chapter, the total number of word types under
analysis in the written corpus was 420 and in the spoken corpus was 162. Out of the
totals, content-specific terminology amounted to 327 words in the written corpus and
117 words in the spoken corpus. 30 words and 11 words in the written and the spoken
corpora respectively belonged to the second lexical class which contains content
relevant terms. Hence, after the initial classification, 63 words in the written corpus and
34 words in the spoken corpus still remained.
In this section, I describe how these remaining words constituted lexical classes
III, IV and V. It should be noted that the determination of the words in the lexical class
VI differed in terms of the procedure that was followed in order to categorize terms for
the other lexical classes. After discussing the following three lexical classes, I discuss
lexical class VI as well. It should be understood that the only corpus used to determine
terms for this particular lexical class was the entire Science textbook which is explained
in detail following the introduction of lexical classes III, IV and V.
Lexical Class III
As mentioned earlier, the remaining words on the list had relatively high
frequencies signalling their strong presence in the scientific discourse. Not only is the
usage of these terms within the scientific context very extensive but they are also
commonly found outside the scientific context. Due to their widespread usage in the
general context it can be assumed that the meaning outside the scientific context of these
words is known to the ELLs. In the scientific context, these words are usually a portion of
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larger phrases. For instance, one of the words belonging to this lexical class is
‘connective’ which is used as the larger phrase ‘connective tissue’ in the corpus. I have
included ‘connective’ in this class because the meaning of the word can be decoded to
understand the larger phrase. The meaning of ‘connective’ is commonly known which
can be deciphered in order to understand ‘tissues that connect.’ The relevance of the
meaning of the words in this lexical class remains the same in the scientific context as
well. Since the general meaning is commonly known, it can be decoded in order to
understand the meaning in the scientific context. I call these terms Context-Relevant.
As far as comprehensibility is concerned, it can be assumed that most students
including ELLs are aware of context-relevant words. The total numbers of context
relevant words identified were 20 and 24 in the written and the spoken corpora
respectively. Concordances were generated for each of these words in order to determine
the sorts of concepts to which they referred. The generation of concordances is helpful in
order to recognize the meaning of those terms that are not obvious at first glance. For
example; there was no need to generate concordances for content-specific terms because
words in that lexical class only had a primary meaning which was inherently scientific in
nature. However, terms in this particular lexical class are general and hence could be used
in a number of different contexts. Thus, there was a need to check for those instances
when context-relevant terms were used in a discussion relevant to the scientific context.
For instance, ‘cycle’ was one of the terms which was searched in order to see that
all of its possible mentions were in respect to what the word means generally which is
“any complete round or series of-occurrences that repeats or is repeated” (Dictionary.com,
2011). ‘Cycle’ was used a total of 42 times in the entire written corpus. Students could
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decode this meaning of the word ‘cycle’ to understand what the ‘cell cycle’, the
‘hydrologic cycle’ or the ‘climate cycle’ meant. Following are the context-relevant terms
from the written as well as the spoken corpora listed in tables followed by a discussion.
Tables 7 and 8 list the 20 and 24 context-relevant terms from the written corpus and the
spoken corpus respectively.6
Table 7 Lexical Class III: Context-Relevant Terms in the Written Corpus
Tube

Waves

Energy

Class

Wave

Cycle

Connective

Complex

Flow

Specimen

Test

Wall

Tubes

Egg

Cavity

Polar

Stain

Specimens

Vessels

Cone

Table 8 Lexical Class III: Context-Relevant Terms in the Spoken Corpus
Trunk

Smooth

Pump

Tube

Branch

Chamber

Filter

Wall

Accessory

Flow

Band

Vents

Tubes

Lobe

Inferior

Pumped

Duct

Snuggled

Pop

Chambers

Balloon

Superior

Vessel

Lobes

i
,6 ^
,i
While generating concordances for each of the context-relevant6 terms, the
chapters and topics in which they were found was also noted. Words such as ‘test’,

6 Context-relevant terms should not be confused with those that are content-relevant (Lexical class II). As
discussed previously, content-relevant terms have multiple meanings which occur both in the general
context as well as the scientific context. Also, their meanings differ across contexts. Context-relevant terms
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‘complex’, ‘tube’ and ‘flow’ were used across all the topics contained in the textbook
including Biology, Chemistry, Meteorology & Environmental Science as well as Physics.
‘Tube’ and ‘flow’ were words that occurred in both the written as well as the spoken
corpora. The meaning of the term ‘tube’ is generally ‘a long, hollow circular enclosure for
transporting substances.’ If it is known, then that meaning could be decoded in order to
understand the meanings of ‘trachea’, ‘esophagus’ and the ‘digestive tract’ in Biology, a
‘test-tube’ in Chemistry as well as ‘a fluorescent light bulb’ in Physics which were all
defined in terms of having a tubular structure. Similarly, the simple meaning of ‘flow’
could be decoded to understand ‘blood flow’ in Biology, ‘the flow of electrons’ in
Chemistry and ‘the flow of ocean winds’ in Meteorology.
Decoding the general meaning of the term does not ensure that the scientific
concept in Science will be fully understood. However, knowing the general term can
definitely help familiarize an ELL with the subject matter. For instance, an ELL would be
more familiar with the meaning of ‘cone’ as ‘a cylindrical enclosure that holds scoops of
ice cream’. He or she can then understand that the mention of the word ‘cone’ in Science
such as ‘cone-shaped cells in the retina’ must mean that the concept under study has a
similar shape as an ice-cream ‘cone.’
Lexical Class IV
As mentioned previously, context-relevant words which form the third lexical
class are multilayered in their meanings. At least one of the meanings occurs in the
general context while another in the scientific context. Another category also emerged in

only occur in the general context and are external to the scientific context. However, on occasions they
appear in the scientific context as part o f a larger phrase. The general nature o f their meanings helps decode
the larger phrase in Science.
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which the words contained multiple meanings. However, in this lexical class more than
one meaning occurred in the scientific context. These meanings belonged to different sub
fields of Science. In order to refer to this class of words, I use the term Field-Specific.
The meanings of the words in this lexical class are specific to the sub-field in
context. A word can have a meaning in Biology but the same word could mean something
completely different in Astronomy or Chemistry. For instance; the word ‘calf means ‘an
offspring of a cow’ in Zoology while it means ‘the back portion of the leg’ in Anatomy.
These words could be confusing as they all appear in the scientific context but differ in
meaning and must be learned in their own specific sub-fields.
There were many field-specific terms whose multi-faceted meanings I already
knew. Some of the remaining terms were searched in order to check whether there was
more than one meaning in the scientific context. It should be noted that field-specific and
content-relevant terms are not mutually exclusive. While a property that both these lexical
classes share is the multiplicity in meanings, only one of the meanings of content-relevant
terms can be found in the scientific context whereas more than one if not all meanings of
field-specific terms can be found in the different fields of Science. Tables 9 and 10 list the
28 field-specific terms that emerged from the written corpus and three terms in the spoken
corpus.
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Table 9 Lexical Class IV: Field-Specific Terms in the Written Corpus
Bean

Bulbs

Crystal

Lens

Heat

Lenses

Neutral

Mole

Protractor

Fibres

Plasma

Bulb

Crystals

Ray

Sinks

Pulse

Field

Focus

Stem

Iris

Neutralization

Sink

Fibre

Frequency

Rays

Streams

Weather

Scale

Table 10 Lexical Class IV: Field-Specific Terms in the Spoken Corpus
Bulb

Pulse

Pulses

Each of the meanings of these terms was looked up on the ScienceDictionary.com (2011) webpage. There are a few words in these tables which can be
understood as being an extension of the other meaning. For instance, if Tens’ is taken into
consideration; in Anatomy it stands for ‘a part of the eye’ while in the sub-field of Optics,
it is a “round piece of glass with curved surfaces found in microscopes, telescopes,
cameras or spectacles” (Science-Dictionary.com, 2011). It cannot be assufned for every
ELL but some might be able to understand that the principal meaning of the term which is
anatomical could be extended to understand its meaning in the context of Optics.
On the other hand, there are many terms that not only have multiple meanings
across sub-disciplines of Science but the meanings differ greatly. The term ‘pulse’ was
found occurring in both the written as well as the spoken corpora. It has at least two
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meanings varying across different sub-fields of Science including Botany where it means
‘a leguminous plant’ and Physiology where it stands for “a pressure wave that can be felt
in an artery each time the heart beats to pump blood” (Science-Dictionary.com, 2011).
There are many words that have the properties of both types of words discussed
above. One of the meanings can be extended to understand another meaning. But at the
same time, there exists an additional meaning which is very different from the other two.
For instance, the term ‘iris’ in Anatomy means “the coloured part of the eye” which can
be extended to understand that in Optics, it means “a small hole in a camera between the
lens and the film” (Science-Dictionary.com, 2011). However, a third meaning of the term
‘iris’ in Botany stands for ‘a particular genus of plants with coloured flowers’ which is
entirely different from the other two meanings.
Lexical Class V
As mentioned in the previous chapter, one of the criteria applied in order to
extract the scientific vocabulary out of the entire corpus was the omission of most verbs
and adjectives. While most of them were deleted from the frequency list, there were many
that emerged as frequently used in Science. These words were seen occurring across two
or three lexical categories7 but only one of them applied to the context of Science. In
many instances (but not all), there were verbs and nouns as well as nouns and adjectives
that were homonyms. This means that they were similar in sound and spelling but
different in meaning. To refer to this particular class, I use the term Lexically Appropriate.

7 By lexical categories, I am referring to the parts o f speech in the English grammar. Nouns, Pronouns,
Verbs, Adjectives, Adverbs, Prepositions, Conjunctions and Interjections form the eight lexical categories
in English.
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As the name suggests, only one of the multiple lexical choices is appropriate for
use in the scientific context. For instance, ‘light’ as an adjective and as a noun are the
same in sound and spelling but differ in the meaning. Moreover, the noun form of the
word ‘light’ is more relevant to the context of Science. Concordances were generated and
it was found that ‘light’ in its adjectival form was used in the corpora as opposed to any
other lexical forms. As mentioned previously, concordances needed to be generated for
the terms belonging to this particular lexical class since they differed in their occurrence
and only the most relevant to the scientific context needed to be found.
Out of the written corpus, 15 terms were found to belong to this lexical class while
from the spoken corpus, there were only seven terms. Tables 11 and 12 display some of
the lexically-appropriate terms found in the textbook and the spoken corpora respectively.
Table 11 Lexical Class V: Lexically-Appropriate Terms in the Written Corpus
Light

Currents

Slide

Function

Shoot

Stores

Monitor

Wear

Current

Leaves

Lead

Functions

Store

Waste

Slides
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Table 12 Lexical Class V: Lexically-Appropriate Terms in the Spoken Corpus
Functions

Functioning

Leaves

Waste

Store

Function

Slide
Most of these words are found as either nouns or verbs or even adjectives in some
cases. For instance, the word ‘function’ which was found both in the written as well as the
o

spoken corpora were used a total of 102 times in the textbook and in almost all the cases,
it was used as a verb. It was also found occurring throughout all the chapters in all four
units. As opposed to that, the term ‘slide’ in the textbook was found occurring as a noun
in most cases. I say most cases because there were instances when more than one form of
the word was used but that was done outside the scientific context.
An illustration of what was noted in the previous paragraph is exemplified in the
scrutiny of the word ‘store’ (found in both the corpora) which occurred a total of 28 times
in the textbook mostly as a verb. It was used in sentences such as ‘cells store energy or
nutrients.’ There are occasions when the term ‘store’ is used as a noun but it is mentioned
as in ‘a grocery store’, ‘a store flyer’ or ‘a store security mirror’ which occurred outside
the scientific context.
Lexical Class VI
Other than generating frequency lists and concordances using the written corpus, I
also read the textbook in its entirety in order to understand the variety of the content8

8 1 have only provided examples o f lexically-appropriate terms from the written corpus because despite their
occurrence in the spoken corpus, the frequencies were too small to illustrate effectively.
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taught at the 10th-grade level. There were many instances where localized descriptive
markers were used as symbols in an attempt to make difficult context comprehensible.
Also, I came across a number of phrases used as task exercises and questions for students
to complete based on the content which were worded in ways that could pose challenges
to newcomers despite proficiency level. It is a possibility that these are specifically used
in the North American or perhaps more specifically in the Canadian educational context. I
deduced that the element tying the items on this list together is that of cultural specificity.
ELLs might have trouble in comprehending words such as ‘brainstorm’ and ‘consequence
maps’. This would be problematic not only for ELLs but also for those students who are
young immigrants but not necessarily ELLs. While none of these terms occur in the
scientific context, the frequency of their occurrence compelled me to include them in a
separate class which I call Culture-Specific. I discuss what I mean by ‘Canadian culture’
after the explanation of how the phrases in this lexical class emerged.
As stated previously, words with a frequency of 10 and higher in the textbook
were chosen for analysis which has led to the creation of the lexical classes explained
earlier. However, in order to isolate terms belonging to this particular class, I read the
entire textbook and noted down the words belonging to this class. This whole textbook
was perused for three reasons. Firstly, the corpus of 2,393 words which was chosen for
the analysis of the first five lexical classes was not extensive enough to find culturespecific terms. Secondly, items belonging to this lexical class are not all single words.
They are larger phrases and expressions in many cases. The corpus analysis software used
for this study only analyzes single words. Thirdly, words belonging to this category are
not part of the scientific terminology and so could not be determined the way the rest of
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the terms were. Hence, it was essential to go through the textbook and select these terms
as I came across them. It should also be noted that only the written corpus was used to
find culture-specific words. The spoken corpus was not only small in size but it was also
extremely focused in terms of the content. The textbook corpus was very large and
provided for many instances where terms belonging to this lexical class were used
extensively.
Similar to some of the other lexical classes discussed earlier, the selection for the
culture-specific class was also done at my discretion. As a newcomer in the ninth grade a
decade ago myself, there were numerous instances when I was not familiar with many of
the terms I encountered in my textbooks even though I was a proficient speaker of
English. Reading through this particular textbook, many problematic terms that I came
across when I was in school were repeated. I also found and noted down other terms that
would pose a challenge to ELLs since they were specific to the local Canadian context.
This resulted in the emergence of the culture-specific class.
Understanding the ‘culture* in culture-specific.
Before attempting to define the Canadian culture, it was essential to consider the
definition

u ti l i z e d b y th e

Ministry of Education while designing the provincial

curriculum. One of the policy documents outlining the guidelines for the implementation
of ethnocultural equity in schools provides a definition of culture:
The totality of ideas, beliefs, values, knowledge, language, and way
of life of a group of people who share a certain historical
background. Manifestations of culture include art, laws, institutions,
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and customs. Culture changes continually and, as a result, often
contains elements of conflict and opposition (Ontario Ministry of
Education, 1993, p. 42).
One of the guidelines in the document also states that “students are taught to recognize
minority values as well as the dominant values in our society” (Ontario Ministry of
Education, 1993, p. 25).
Courchene (1996) states that defining the Canadian culture and identity are
difficult to do. At the same time, he also brings to attention that if one of the curriculum
guidelines set by the Ontario Ministry of Education is to teach students cultural values,
then a definition of the Canadian culture must exist. He presents a broad range of
literature on culture and states that students must not only be taught “visible
manifestations, but also underlying explanations” of Canadian culture (Courchene,
1996, p. 14).
I fully agree with Courchene (1996) about the challenge in defining the
Canadian culture. Nevertheless, I attempt to provide a definition for the purpose of
understanding the ‘culture’ in culture-specific. My definition has been gathered from
the two aforementioned sources. From the definition provided by the Ontario
Ministry of Education (1993), I believe that culture is exhibited through local
customs, art and institutions. To this understanding, I further add Courchene’s (1996)
view that the Canadian culture is also deeply affected by its geography. Hence, the
lexical class ‘culture-specific’ should be understood in terms of the national
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geography, customs and lifestyle allowed by the climate, institutions and local
linguistic practices.
The terms and phrases in this lexical class were determined to be specific to the
Canadian culture which could be problematic for ELLs to understand without explicit
introduction. The definition o f ‘Canadian culture’ which applies to this class
appropriately should be understood as pertaining to the national geography, customs,
institutions, local linguistic practices and lifestyle in relation to the climate. As mentioned
previously, the process that was used to list items in this particular lexical class was
different from the five classes discussed earlier. For this particular class, I reviewed the
entire textbook and noted down terms that were thought to be challenging due to their
nature according to my definition of the ‘Canadian culture’. Table 13 lists all the terms
and phrases that I came across in the textbook which belong to this lexical class.
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Table 13 Lexical Class VI: Culture-Specific Terms and Phrases in the Textbook
Consequence map

Tweezers

Magenta

Individual mind map

Beige

Felt pen

Word web

Sunscreen

Wintergreen candy

Brainstorm

Lawnmowers

Glow stick

T-chart

Store flyers

Scoopula

Master list

Wiki

Potluck dinner

Probable passage

Prairies

Shovel

Thesis statement

Sidewalk

Parka

Reflection

Farmers markets

Barbecue

Mind map

Flea markets

Masking tape

Concept map

Positive feedback loop

SPF

Guess-and-Check method

Eye-hand coordination

Funhouse mirror

5 Ws graphic organizer

Soccer

Legal paper

PMI table

Cyan

Disposable camera

As depicted in the table of culture-specific phrases found within the textbook, the
entire first column contains words that are used in the institutions (schools, in this case)
such as directives for assignments based on each of the chapters. For instance, students
were asked to create ‘consequence maps’, write ‘probable passages’ and ‘brainstorm’ on
some of the issues that were discussed in the textbook. The term ‘reflection’ seems to be a
misfit for this lexical class at first glance but in this case, it meant ‘a piece of written work
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which involves a careful consideration of the subject matter along with the personal views
of the student.’
Some of the phrases in the table have to do with the localized language to denote
certain aspects. For instance, words such as ‘sidewalk’, ‘soccer’ and ‘farmers and flea
markets’ may be represented in other countries by other names. A ‘potluck dinner’ is a
term specific to the lifestyle here in Canada which may be unknown to an ELL. An
additional problematic issue is the usage of one of these terms as a metaphor in the
explanation of an important scientific concept. For instance, in the textbook a ‘potluck
dinner’ analogy is used in order to explain how all the organs aid collectively in the
successful completion of the digestion process. If an ELL does not know that a potluck
dinner is an event characterized by each of the invited guests contributing different food
items and beverages to the get-together, he or she will have trouble in understanding the
digestion process symbolized as a potluck dinner.
Other terms in this lexical class include items specifically used in Canada either
due to the climate or are exemplified by the country’s history or geography. Words in this
category include ‘barbecue’, ‘parka’ and ‘shovel.’ ELLs who have come from tropical
countries might need to be familiarized with a tool for clearing snow and a type of coat
made of fur.
It must be noted that all discussion on this lexical class ends here. The proportion
of culture-specific terms and phrases is not included in the discussion with the other
lexical classes as it does not constitute the vocabulary of Science in any way. The terms
that were placed in this lexical class can be found in textbooks o f any subjects and thus
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have little to do with Science and the focus of this study is to uncover the vocabulary of
Science.
A reason that this lexical class was introduced in the first place was in order to
show that the choice of language outside of the academic genre in textbooks and other
resources can also be problematic for ELLs. The analysis of the language of subjects,
especially for ELLs must be done with an awareness of the culture and its impact on
educational resources. Courchene (1996) brings to attention that teachers are often the
first individuals with whom all newcomers including both ELLs as well as proficient
speakers come in contact. Hence, if educators are culturally aware, the integration of new
students into the Canadian culture and classrooms can be a smooth transition.
Discussion of the Corpus Data Findings
In this section, I discuss the proportions of the scientific vocabulary9 encountered
in both the written and the spoken corpora. I compare both the corpora in terms of the
lexical classes that were discussed previously and explore the possible reasons for the
differences in their ratios. The discussion of the findings are embedded in relevant
research conducted in the field of academic subjects and corpus linguistics as well as the
interview data I collected from the Science teacher. The answers to the research questions
posed in chapter 1 are also provided.

9 The total number o f scientific words in both the corpora does not include the words belonging to the
culture-specific lexical class. It only includes the proportions o f words in the five lexical classes: ContentSpecific, Content-Relevant, Context-Relevant, Field-Specific and Lexically-Appropriate.
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Comparing the Written and the Spoken Corpora
As mentioned previously, the total word types found in the textbook amounted to
10,604 and their frequencies (word tokens) totalled 191,446 out of which only words with
a frequency of 10 and higher were chosen as the sample for analysis. Since a sample of
the entire textbook corpus was used, the margin of error (MOE) needed to be calculated
in order to ensure that the sample could be generalized across the entire corpus which is
described in the next section. As opposed to the textbook, the spoken corpus was much
smaller with the total number of word types and word tokens amounting to 1,545 and
14,550 respectively. The entire spoken corpus was chosen for analysis.
The sample of 2,393 word types from the textbook amounted to 22.57% of the
entire text. The word tokens of this sample totalled 169,551. The sample covers 88.56%
of the entire text in word tokens. Out of the sample, 420 word types constituted the
scientific vocabulary. The frequencies of these words added up to 25,247.
From the spoken corpus, 162 words became part of the scientific lexicon with
frequencies of each of the words adding up to 1,409. The total frequencies of the spoken
corpus are relatively lower than that of the written corpus. Since the entire spoken corpus
was chosen, there were many terms with frequencies as low as one which were also
included.
Table 14 outlines the two corpora in terms of the word types, tokens and the
percentage of scientific vocabulary found in both.
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Table 14 Scientific Vocabulary in the Written and Spoken Corpora

Corpora

W ord Types

%

W ord Tokens

%

W ritten

420

17.55%

25247

14.89%

Spoken

162

10.49%

1409

9.68%

The table above shows that in my sample of the written corpus, 17.55% of word
types and 14.89% of word tokens and 10.49% of word types and 9.68% of word tokens in
the spoken corpus are part of scientific vocabulary. Overall, the percentage of scientific
vocabulary is less than 20% in the entire texts that were analyzed in both the corpora.
Coxhead (2000, p. 213) states that “academic lexical items occur with lower frequency
than general-service vocabulary items do.”
The percentage of the scientific vocabulary found in the written corpus is higher
than that in the spoken corpus. Biber, Conrad and Cortes (2004) state that the spoken
corpus is an 'oral’ register while the written corpus, a ‘literate’ register. They state that an
oral register generally consists of interaction between the members and also contains
evidence of a personal voice while extensive information is a feature of a primarily
literate register.
According to the characterization of both the registers by the authors, the teacher’s
lessons could be thought of as being similar to the written corpus in that the topics under
discussion are planned in advance. However, they state that empirical evidence shows
that regardless of advance planning, a spoken corpus still shows proof of interaction and
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the speaker’s personal voice. Hence, it is clear as to why the proportion of scientific
vocabulary is greater in the written corpus as opposed to the spoken corpus.
During the transcription of the audio-recordings of the teacher’s lessons, I
identified many instances containing the teacher’s personal stance regardless of how
intensively the discussion was embedded in the subject matter. Much of the recorded
content contained a dialogue regarding punctuality, work habits and the importance of
creativity in the assignments. There were also many occasions characterizing the
students’ interaction among themselves as well as with the teacher. Even though Mr.
Blair was extremely organized in his lesson plans and instructions on each of the days I
was present, the level of interaction and conversation was unpredictable.

M a r g in o f e r r o r (M O E ).

Since only a sample out of a larger population was chosen from the written
corpus, it was essential to calculate the margin of error. Dictionary.com (2011) defines
margin of error as “a measurement of the accuracy of the results.” The margin of error
was calculated using the following formula.
Margin of Error (MOE) = (1.96) V [p (l-p)/n] where p is the probability of a word type
or token in the sample being included as the ‘scientific’ vocabulary,

n

is the total number

of word types or tokens in the sample. In order to gain a 95% confidence interval MOE,
1.96 is used as the standard error which I have also used to calculate the MOE for my
sample.

92

It should be noted that this formula applies to a population greater than one
million. Since the population for this study is less than one million, I have used a
correction factor in order to arrive at the correct MOE.
Correction Factor = V [(N-n)/ (N-l)] where N is the number of total word types or
tokens in the population and n is the number of total number of word types or tokens in
the chosen sample. Hence, as deduced from the two formulae presented previously, below
is the formula that I use to calculate the MOE for both word types as well as tokens in my
sample.
Corrected MOE = MOE x Correction Factor = (1.96)

V[p (l-p)/n] x V[(N-n)/ (N-l)]

W o r d ty p e s .

p

= 0.1755 which is the percentage of the scientific word types (420) out of the sample

corpus (2393)

n

= 2393 which is the sample

N =

10,604 which is the population

Corrected MOE = 1.96 x V [0.1755 (1 - 0.1755) / 2393] x V [10604 - 2393/ 10604 - 1]
- 1.34%

W o r d to k e n s .

p

= 0.1489 which is the percentage of the scientific word tokens (25,247) out of the

sample corpus (169,551)

n =

169,551 which is the sample
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N =

191,446 which is the population

Corrected MOE = 1.96 x V [0.1489 (1 - 0.1489) / 169,551] x V [191446 - 169551/
191556- 1]
= 0.057%
For the word types, the MOE is 1.34% which implies that when the findings are
extrapolated to the whole population, the percentage of scientific word types will lie
between 17.55% plus or minus 1.34%. The MOE is 0.057% for the word tokens which
means that when the findings are extrapolated to the whole population, the percentage of
scientific word tokens will lie between 14.89% plus or minus 0.057%. As stated earlier,
this MOE has been calculated with a 95% confidence interval MOE which means that if
the corpus was perused a hundred times with the same sample size, the MOE will lie
between the percentages calculated above 95 times.
Having established the margin of error, I now present the proportion of the lexical
classes across both the corpora. Table 15 shows their distribution followed by a
discussion. As mentioned previously, the number of word types constituting the scientific
vocabulary was 420 and 162 in the written and the spoken corpora respectively.
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Table 15 Lexical Classes (LCs) in the Written and the Spoken Corpora

Spoken

Written
LCs
ContentSpecific
ContentRelevant
ContextRelevant
FieldSpecific
LexicallyAppropri
ate

66.65%

Word
Types
117

72.22%

Word
Tokens
1160

82.33%

3730

14.77%

11

6.79%

73

5.18%

4.76%

1001

3.96%

24

14.81%

97

6.88%

28

6.67%

1955

7.74%

3

1.85%

41

2.91%

15

3.57%

1734

6.87%

7

4.32%

38

2.70%

77.86%

Word
Tokens
16827

30

7.14%

20

Word
Types
327

%

L e x i c a l C l a s s I : C o n t e n t - S p e c if ic .

%

%

%

These terms are crucial to the study of the scientific

discourse. According to the definition, content-specific words are rarely heard outside the
Science class. Hence, proper delivery of these words is very important in the class. It is
hardly surprising that this lexical class forms over 70% of the scientific corpus in both the
corpora in terms of different word types. The proportions of word types across both
corpora are not considerably different. The spoken corpus consisting of audio-recordings
over three days only spans across two topics which were under discussion during that
time. Hence, the types of content-specific words only pertain to these two topics.
As far as the tokens are concerned, the frequency in the textbook is 66.65% while
it is much higher in the spoken corpus amounting to 82.33%. In the classroom, Mr. Blair
made it a point to repeat a number of content-specific terms over the course of three days.
There were also many instances when he emphasized the spellings of the words and
provided alternate pronunciations for many of them. During the introduction as well as
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the revision of the topics, the students were asked to name the organs involved in these
processes a few times.
I noticed many occasions when Mr. Blair used a number of different ways to
explain these terms. ‘Bolus’, ‘pharynx’ and ‘duodenum’ were some of the contentspecific words that were used during my presence in the classroom. In order to make the
term ‘bolus’ which means a ball of chewed food comprehensible to the students, it was
spelled twice in front of the class. Further, Mr. Blair demonstrated chewing and balling of
the chewed food. He also stated that ‘pharynx’ rhymed with ‘lynx’ which is a type of cat
before providing its meaning. The word ‘duodenum’ was also spelled a number of times
and alternate pronunciations of the word were provided by citing two dictionaries that Mr.
Blair accessed.
Another reason for a significantly higher percentage of word tokens in the spoken
corpus is Mr. Blair’s preference for key words during assessment. In the interview, he
informed me that with a high proportion of ELLs in his class, it is difficult on certain
occasions to tell if an error is grammatical or if it shows a lack of the content knowledge.
Hence, he prefers to find key content words during evaluation:
With Science there’s usually key words that you look for. So the use of key words
um shows you that “Oh you know they used that word. They’re familiar with that
word. They, so, by using that word.” So if you’re talking about for example:
mutations and the question is regarding mutations and they use the word DNA in
there somewhere so you know that they’ve made a connection between the
mutation has something to do with your DNA. So just the very presence of that
word there shows you that they do understand that to a certain extent so you just
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take that into account when you’re evaluating them (Interview, 2, December 6,
2010).
Upon calculation, I discovered that content-specific terminology tokens constitute
7.97% in the total spoken corpus. They make up 9.92% out of the sample written corpus
which totalled to 2,393 words. Hence, it can be deduced that out of 100, every 9.92 words
belong to the content-specific lexical class. The margin of error was calculated to be
0.05% which means that if the sample is extended to 10,000 words, my calculation of
9.93% is accurate with plus or minus five words.

L e x i c a l C l a s s I I : C o n t e n t - R e l e v a n t.

These terms are multilayered in terms of their

meanings where one occurs in the general context with another in the scientific context.
The percentage of word types are almost the same in both the corpora with 7.14% in the
written corpus and 6.79% in the spoken corpus. However, there is a significant difference
in terms of word tokens across both corpora which shows that content-relevant words are
not used very frequently in the spoken corpus.
Coxhead (2000) states that general vocabulary is larger in a corpus than specific
content vocabulary. Hence, in word types both the corpora are almost equal but are
different in terms of word tokens, In the written corpus, content-relevant terms occur
almost three times more frequently than in the spoken corpus. In the spoken corpus, the
Science teacher may be limiting the use of content-relevant terms in the class on purpose.
Relative to content-specific terms, content-relevant terms would be confusing, especially
for ELLs who are still developing their language as well as content vocabulary. Also, as I
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stated earlier, the lessons that I recorded focused more on the development of key words
of the topics under discussion.
However, in one of the interviews, Mr. Blair did confirm the existence of content
relevant terminology in Science and how he dealt with it. He elaborated on the issue by
stating that the language of Algebra needed to be tailored in a relevant manner before
teaching it in the scientific context as opposed to the general context. Hence, it was
evident that he recognized the presence of content-relevant terminology in Science as
well. He also stated that there were occasions when he provided partially completed notes
to the class which would require the students to find the language most relevant to
Science in order to complete the task.
In the entire spoken corpus, content-relevant tokens made up 0.67%. In the written
corpus, the proportion of content-relevant tokens out of the sample corpus of 2,393 is
2.20%. Hence, out of every 100 words, 2.20 words are content-relevant. The margin of
error was calculated to be 0.025%. If the sample was extended to 10,000 words, the
calculation of 2.20% is accurate with plus or minus 2.5 words.
L e x i c a l C l a s s I I I : C o n t e x t- R e le v a n t.

In the spoken corpus, context-relevant terms form

the largest word composition after content-specific. Context-relevant words are part of
what Coxhead (2000, p. 213) calls “general-service vocabulary.” In the spoken corpus,
over 80% of word types were general out of which the context-relevant group forms
14.81%. The relatively higher percentages of both the word types as well as tokens in the
spoken corpus are due to Mr. Blair’s usage of general terms which the students would
decode to understand the scientific content.
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On numerous occasions, I encountered Mr. Blair asking the students, especially
ELLs to use their knowledge of certain words to figure out the unknown vocabulary. For
instance, in order for the students to comprehend the extremely small size of a blood
vessel, Mr. Blair said “So it’s like a little marching band of blood cells moving through
these tiny, tiny blood vessels” (Observation, 3, December 1, 2010). Context-relevant
words such as ‘marching band of blood cells’ were used very frequently to translate the
scientific concept for the students.
Despite the increased usage of these terms in the classroom, the context-relevant
word types in the written corpus only amount to 4.76% of the sample. Biber et al. (2004)
state that written corpora are standard in terms of their linear focus on information.
Hence, the goal of the textbook is only to present content in a coherent manner. It is up to
the readers to make use of the concepts that are known to them in the general context in
order to help them decode the meaning of the scientific concept.

L e x ic a l C la ss I V : F ie ld -S p e c ific .

The proportion of field-specific terminology in the

written corpus is 6.67% which is larger than in the spoken corpus. The topics in the
textbook spanned across many fields including Chemistry, Biology, Physics and
Meteorology. The words that have formed this lexical class can be found in many
subfields in Science which is why their proportion in the written corpus is higher than in
the spoken corpus.
The number of field-specific words in the spoken corpus was only three. A reason
for the low frequency of field-specific terms in the spoken corpus is the fact that only two
topics in Biology were covered on the days the audio-recordings were collected. Another
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reason could be that the teacher intentionally avoided the use of field-specific words due
to the multiplicity of meanings which would cause confusion for the students.

L e x i c a l C l a s s V: L e x i c a ll y - A p p r o p r i a t e .

The terms in this class occur across multiple

lexical categories, all of which cannot be applied to the scientific context. In terms of
word types, lexically-appropriate terms are quite similar in both the corpora with 3.57%
in the written corpus and 4.32% in the spoken corpus. However, the word token
frequencies differ with 6.87% in the written and 2.70% in the spoken corpus.
Relative to the other lexical classes, lexically-appropriate terms form a lower
proportion of both the corpora. As mentioned previously, Mr. Blair informed me that as a
Science teacher he assesses his students on scientific literacy as opposed to English
language literacy. This explains why lexically-appropriate terms occur less frequently in
the spoken corpus. Another reason that could account for the low proportion of terms in
this class could be Mr. Blair’s intentional usage of less ambiguous grammatical
substitutes given that 32% of the class are ELLs.
As far as the written corpus is concerned, it could be reaffirmed that Science is
extremely loaded in terms of content. Moreover, the goal of a standard subject textbook is
the effective delivery of content knowledge with less focus on the mechanics of language.
Biber et al. (2004) also state that in recent times, the trend is to make textbook material
accessible as well as engaging for all students. It can be assumed that this recent
development is the reason as to why the frequency of lexically-appropriate terms is lower
than some of the other lexical classes embedded in specific content.

100

I now discuss the significance of my findings in light of Nation’s (2006) theory of
text coverage. In the next section, I relate these findings to the patterns found within the
review of the literature.

T ex t covera g e.

A strong connection between an extensive vocabulary and comprehension has
been suggested by many scholars (e.g., Alderson, 2007; Nation, 2001). Nation (2006) also
looks at the amount of vocabulary required to comprehend a particular genre of text such
as a novel or a newspaper. He defines text coverage as “the percentage of running words
in the text known by the readers” (Nation, 2006, p. 61) and states that in order for a text to
be comprehended sufficiently, a learner would need 98% text coverage.
According to the notion of the required text coverage, a learner can only afford to
be unfamiliar with two out of every 100 words. Word tokens are generally defined as
‘running words’ (Coxhead, 2000). If the proportion of scientific vocabulary from the
corpora chosen for this study is considered, the word tokens in the written and the spoken
corpora are 14.89% and 9.68% respectively. The text coverage requirement coupled with
the results from the corpus analysis of this study show that the scientific vocabulary itself
occupies a large margin in the whole text.
A proportion such as 14.89% of scientific vocabulary does not seem to be a very
large percentage when looked at independently. However, through the lens of text
coverage, scientific vocabulary forms a significant proportion of the entire corpus and
must be taught explicitly. It means that almost 15 out of 100 words are scientific terms.
Even assuming that an ELL knows every non-scientific word in the corpus, he or she still
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needs to be familiar with at least 15 to 16 scientific words in order to comprehend the
entire paragraph. Hence, it is essential that the vocabulary of Science be taught directly.

R e v i s i t i n g t h e lite r a tu r e .

An extensive review of literature relevant to the teaching and learning of subject
matter in a culturally and linguistically diverse class is presented in chapter 2.
Recommendations for pedagogical strategies such as the use of visual aids in the
classroom (Edmonds, 2009; Olson et al., 2009), accessing the prior knowledge of students
(McDonnough & Cho, 2009; Edmonds, 2009; Medina-Jerez et al., 2007; Reyes,
2007/2008), the involvement of the family and the community in the learning process
(Medina-Jerez et al., 2007; Settlage et al., 2005; Edmonds, 2009; Buck, 2000; Watson,
2004) and group work within the classroom (Reyes, 2007/2008; Buck, 2000; Watson,
2004; Medina-Jerez et al., 2007; Cavanagh, 2008) have been made. Even though there is
an abundance of information in educational research on how to teach subjects such as
Science to ELLs, information on the language of subjects is limited.
The corpora that I used for analysis were small in size. As mentioned earlier, out
of the entire corpus that was chosen, the proportion of scientific vocabulary only added
up to 420 word types from the textbook and 162 from the audio-recordings of the
teacher’s lessons. Regardless of the size of the corpora, the findings of the lexical classes
show how varied and specific the scientific vocabulary is. Statistics discussed previously
also show that the scientific lexicon itself forms a considerable amount of the whole
corpus that was chosen for this study.
Despite the fact that there is a vast amount of information available on how to
teach ELLs in content classes, the literature does not address the intricacy of the language
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of subjects such as Science. The tips and strategies that were discussed in chapter 2 are
most certainly useful when teaching a linguistically diverse class. The information only
instructs teachers on what medium to use during the delivery of the scientific content but
the content itself still remains problematic. Hence, regardless of how valuable the
strategies on the teaching of subject matter are, they do not account for the complexities
of the scientific vocabulary.
In the next chapter, I discuss implications of my research findings for Science
teachers. I also pinpoint the answers to the research questions and suggest directions for
further research.
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CHAPTER 5: CONCLUSION
The desire to examine the vocabulary of Science initiated this study. Two
different corpora made up the scientific corpus and uncovered interesting details
regarding the lexicon of Science. In this chapter, I succinctly summarize some of the
findings that were discussed in detail in the previous chapter. Following are the
implications that this study has for teachers. I also suggest directions for further research
a n d c o n c lu d in g r e m a r k s c o m p l e te th e c h a p te r .

Summary of Major Findings
The research questions in chapter 1 guided the scope of this study. The data that I
collected helped in answering each of the questions in detail. As I was executing the
direction of this study, I decided that the main goal would be to examine the components
of the scientific vocabulary as opposed to another linguistic feature. Hence, the first task
was the conceptualization of the corpus of Science into its lexical constituents.
The first research question dealt with exploring the kind of vocabulary that was
found within the written and the spoken scientific corpora chosen for this study.
McDonnough and Cho’s (2009) grouping of the vocabulary of Science was not sufficient.
In the attempt to systematize the vocabulary found in the corpus as either specific or
relevant, I noticed the emergence of other lexical classes. Other than the words being
either specific or relevant to the context, the remaining terms showed characteristics that
required a broader paradigm in order to encompass them. In addition to content-specific
and content-relevant, lexical classes including context-relevant, field-specific and
lexically-appropriate were created and analyzed further.
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Another aspect that I wanted to discover through this study related to the
quantities of content-specific and content-relevant terms in my corpora. As far as the
proportion of each of the lexical classes is concerned, a majority of the terms in both the
corpora belonged to the first lexical class. In the written corpus, 77.86% and 72.22% in
the spoken corpus were content-specific word types. In relation to the second lexical
class, content-relevant word types totalled 7.14% in the written corpus and 6.79% in the
spoken corpus. The frequency with which words in both of these lexical classes appear
also constituted part of the first research question. In the written corpus, content-specific
word tokens were found to encompass 9.92% of the corpus and content-relevant words
formed 2.20%. With regards to the spoken corpus, content-specific and content-relevant
terms amounted to 7.97% and 0.50% respectively.
The second research question explores the differences between the quantities of
the scientific vocabulary in both the corpora. As far as the content-specific class is
concerned, the number of tokens in the spoken corpus exceeded those in the written
corpus by almost 20% even though the word types in both the corpora did not differ
significantly in proportion. The reasons for this discrepancy include the Science teacher’s
preference for key words which are primarily content words during the assessment of
scientific proficiency in his class. He was also encountered repeating and reviewing
content-specific terms on many occasions which added considerable increment to the
word tokens in this lexical class.
A feature of the content-relevant lexical class is the multiplicity of meanings. The
proportion of word types in both the corpora was quite low. In terms of the word tokens,
the written corpus surpassed the spoken corpus by a large margin. In the spoken corpus,
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the content-relevant word tokens formed 5.18% while in the written corpus, they totalled
14.77% of the scientific corpus. One of the reasons I suggest for a decrease in the spoken
corpus is a deliberate attempt on the Science teacher’s part to avoid their usage as these
terms bring a sense of confusion with them, especially for ELLs.
As far as the presence of context-relevant word types in the corpora is concerned,
they account for 4.76% in the written corpus and 14.81% in the spoken corpus. When the
spoken corpus was perused, words adhering to the definition of context-relevant were
found in abundance. The Science teacher could be using these words on purpose in order
to teach important concepts that are difficult to understand. As far as the textbook is
concerned, it is very rich in terms of the content which is why very general, uncommon
terms were not found as widely as they were in the spoken corpus. It was discovered that
in terms of lexical classes IV and V which are field-specific and lexically-appropriate, the
proportions of both the word types and tokens were comparatively close in both the
corpora.
As mentioned previously, the research questions directed the range of this study.
However, the findings exceeded the scope of this study. The discovery of words that
might be unfamiliar to newcomers due to their local origin resulted in the formation of the
culture-specific lexical class. Even though the words in this category do not answer any
questions regarding the vocabulary of Science, they are essential and it must be kept in
mind that they can be troublesome for students new to Canada.
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Implications for Science Teachers
This study was based on the premise that the vocabulary of Science is challenging.
The existence of a separate dictionary dedicated to the field of Science and all of its
subfields itself is evident of the difficulty that the scientific vocabulary carries. Teachers
of Science must be conscious of the fact that the scientific vocabulary needs to be taught
explicitly to all students, despite their English language proficiency. They should be
aware that not only words that are specific to the content but many others commonly
found in Science can also be very taxing to comprehend without explicit teaching.
By explicit teaching of vocabulary, I do not mean that the students should be
given a list of words to memorize. Teachers should train the students to recognize the
properties of the scientific lexicon as the lexical classes discussed previously suggest. The
students should be strategically taught about the various categories that exist in the
scientific discourse so they can be in charge of their own learning. All students, especially
ELLs should be instructed regarding the multiplicity of meanings that many terms carry
in S c ie n c e . V a c c a a n d V a c c a ( 2 0 0 8 , p . 91 ) q u o te G e r s te n a n d J im e n e z ( 1 9 9 4 ) w h o s ta te
th a t ‘‘v o c a b u la r y s t r a t e g y in s tr u c tio n is e f f e c t i v e w h e n a te a c h e r h e lp s E n g lis h le a r n e r s to
d e v e lo p

a few key terms in d e p th rather th a n

a tte m p tin g

to have th e m

lea rn

many words

superficially.” Learning about the features of terms will help ELLs be careful when using
terminology and will also encourage them to actively look up the meanings of words they
encounter in and outside of their class.
My aim in proposing the lexical classes is not to overwhelm teachers. The
findings simply show how complex the vocabulary of Science is. Despite the analysis of
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very small corpora, enough complications in the vocabulary arose. The lexical classes
illustrate the varied features that exist in the scientific discourse which teachers must keep
in mind during instruction. Teachers should teach each of the meanings of the terms
explicitly to students and should also be mindful that language is not transparent. In other
words, it would be beneficial if teachers made their students aware of the opaqueness of
language.
Another implication has come from the fact that Science is often assumed as
being easier for students who are proficient speakers of English. Teachers should be
aware of the fact that the nature of the vocabulary of Science is itself challenging despite
language proficiency level. The preconceived notion that Science is not a difficult subject
for those with an increased proficiency in the English language is not correct. Even
though attention should be paid to ELLs while teaching new vocabulary, proficient
speakers can equally benefit from an analysis of the scientific vocabulary.
Directions for Further Research
During the course of research for this study, I realized that there are plenty of
avenues that need to be studied in the area of second language education and contentbased classes. This study itself was carried out as a response to one of the gaps having to
do with the specific language of subject areas. The focus of this study involved the
analysis of a small corpus of one subject at one grade level. It is my hope that larger
corpora constituted by other subjects at various grade levels will also be studied in the
future. Also, other than only studying the linguistic constituents of the language of
Science, how ELLs cope with the discourse first hand must also be studied. This area in
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educational research needs attention. Findings from such research studies will benefit all
students, despite of their English language proficiency.
The study of the language of Science involves more than mere vocabulary of the
discourse. For the purpose of this study which sheds light on the vocabulary of Science,
essential elements of English grammar such as pronouns, prepositions and conjunctions
were not considered for analysis. However, I believe that these lexical categories need to
be looked at in order to see the impact they have on the ELLs’ comprehension of the
scientific discourse. There is also a shortage of studies involving the analysis of spoken
corpora which could uncover interesting findings when studied to a large extent.
This study examined the vocabulary of Science by considering single words.
Larger phrases embedded in the scientific context could also reveal compelling details
about the whole discourse in general. Other than the scientific language itself, the usage
of lexical bundles which are defined as “multi-word sequences” by Biber et al. (2004, p.
371) in academic subjects also needs to be studied.
Conclusion
Sorting through thousands of words in order to consolidate them in a coherent
way was not an easy task when I looked at each of the words initially. Vacca and Vacca
(2008, p. 148) quote research that echoes the plight I felt during the earlier stages of this
study:
Bruner, Goodnow, and Austin (1977) suggest that we would be overwhelmed by
the complexity of our environment if we were to respond to each object or event
that we encountered as unique. Therefore, we invent categories (or form concepts)

109

to reduce the complexity of our environment and the necessity for constant
learning.
Thus, not only did the formation of the lexical classes make the vocabulary of Science
manageable for me to analyze but it is my hope that it will also be beneficial to ELLs and
Science teachers in their understanding of the scientific discourse as well as the academic
endeavour at large.
Although I can sympathize, I will never be able to empathize with an ELL’s
struggle in academics as I have never been one myself. However, as listed in the literature
review in chapter 2, a language barrier only represents a fraction of the frustrations that
ELLs go through in academics. Regardless of limited proficiency in the English language,
I have seen many ELLs persevere in their approach to academic life in Canada.
Throughout the course of this study, I have learnt to be more aware of the struggle that
some must go through in school but I have also learnt that a language barrier never stands
in the way of true determination.
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APPENDIX A: SCIENTIFIC VOCABULARY IN THE WRITTEN CORPUS
Light
Water
Earth
Greenhouse
Carbon
Ravs
T is s u e s

pH
Blood
Ion
Temperature
Gases
Tube
Stem
Skin
Environment
Ions
Waves

Chemical

C e lls

C e ll

Lens
Equation
Scale

Energy
Acid
Body
0*
H*

c*

O rgan

Air
Atoms

Radiation

C om pound

T issu e

P la n t

D*
Lenses
Hydrogen
Sodium

Eye
Microscope
Dioxide
Convex

P la n ts

C om pounds

C an cer

Refraction
Ice
Scientists

Atmosphere
Metal
Element
Elements
Heat
Function
Chloride
Atom
Ionic
Solar
Concave
Electrons
Mitosis
Wave
Optics
Spectrum
Telescope
Chemicals
Temperatures
Weather
Molecule
Oil
Thermal
Electromagnetic
Currents
Neutralization
Fluorescent
Cycle
Al*
Skeleton
Frequency
Surgery
Atomic
Root
HC1*
Beetle

Calcium
M ass

Heart

JT*

B a s ic

Eyes
Aqueous

Bulb
Digestive
Virus
Oxide
Molecules
Chemistry
Ca*
Telescopes
Gene
Physical
Polyatomic

Soil
Metals
Electricity
Hydroxide
Acids
Liquid
Iron
Electron
DNA
Na*
Transgenic
OH*
Molecular
Carbonate
Brain
Metallic
Aluminum
Retina

M a tt e r

S ta te

Fossil
Nutrients
Mg*
Mouth
Beam
Hydrosphere
Pollution

Lead
Science
PO*
Muscle
Bulbs
Bromide
Sugar

B a se
S o lid

Environmental
Copper
Acidic
Functions
C h a rg e

Climate
Focus
Gas
Ray

B ases

Sun
Laser*
CO*
N*
Optical
Axis
Equations
Nucleus
Wavelength
S ta te s

Nitrate
Class
Cornea
Cl*
Chlorine
Bacteria
Waste
Pressure
Transparent
Sulphate
Potassium
Field
Cloning
Sulphur

O rgan s
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Methane
Br*
Slide
Nitrogen
Combustion
Plastic
Muscles
Biosphere
Experiment
Influenza
Polymer
Bones
Zinc
Mole
Convection
Refracted
Digestion
Prism
Bromine
LCD*
Bone
Intestine
P erch

Ammonia
Esophagus
Photosynthesis
Electronic
Refracts
Streams
Glands
Scientist
B a tte r y

Planet
Conduction
Diatomic
Nerve
Refracting
Breathing
Kidneys
Intestines
Vacuum
Chromatids
Fibres
LEDs*
Pancreas
Reproduction
Thermometer

Neutral
CH*
Anthropogenic
Current
Fuel
Biome
Vapour
C o n c e n tr a tio n

Atmospheric
Laboratory
Protons
Lithosphere
Circulatory
Opaque
Liquids
Respiratory
Earthworm
Salt
C h a rg ed

Litmus
Fe*
Leaf
SARS*
Bladder
HIV*
Ultrasound
Genetic
Sink
Crystal
Head
Oxygen
CCD*
Translucent
Connective
Endoplasmic
Protractor
Reticulum
Coefficient
Monitor
Sulphide
AIDS*
Complex
Hemisphere
Li*
Polar
Sinks
UV*

Scientific
NH*
Infrared
Flow
Hydrochloric
Equator
Vessels
Electric
Hair
Liver
Store
Membrane
Coal
Plasma
Meristematic
Sulphuric
Lithium
Specimen
Chromosomes
Test
Fibre
MRI*
Species
C h est

Iodide
Ammonium
Jellyfish
Wall
CT*
Ni*
Xylem
Epithelial
Tubes
Crystals
Immunization
Pulse
Stores
Fluid
Proteins
Toxic
Alveoli
Egg
Insolation
NaCl*
Protein
Slides
V o lu m e

Silver
Refractive
Lungs
Organelles
Leaves
Micrograph
Biology
Electrical
Homeostasis
Lung
Valence
Vaccine
Medical
Roots
Phosphate
Amplitude
Peroxide
B a tte r ie s

Iodine
Biomes
Fluorine
NaOH*
Urine
Dissection
Nickel
Antacid
P u p il

Astigmatism
Epidermal
Radio
Albedo
Kidney
CaCl*
Cytoplasm
Iris
Refract
Vascular
Interphase
Star
Transplant
Barium
Embryonic
| Latitudes
Nitrous
Radiograph
Telephoto
Acetylene
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Biological
Cu*
Moon
ppm*
Cavity
Neon
Organelle
Angiogram
Dermis
Glucose
KOH*
PET*
Specimens
Teeth

Chromosome
Fluoride
Photonics
A1C1*

Capillaries
Diabetes
Nose
W*
Diode
Kinetic
Phosphorus
Cancerous

Cloned
Integumentary
Polymers
Arteries
Genetically
Nuclear
Subatomic
Cone
Excretory
Immune
Ocular
Salmonella
Sulphates
Wear

G am m a

Microscopes
Shoot
Climatograph
Epidermis
Golgi*
Neutrons
Plastics
Stars
pm*

S o lu tio n

Gold
Monoxide
Phloem
Stain
Vaccination

Legend:

Lexical Class
Content-Specific

Representation
E.g.: Oxygen

Proportion (out of 420
words)
327

Content-Relevant

E.g.:

T issu e

30

Context-Relevant

E.g.: Cycle

20

Field-Specific

E.g.: Mole

28

Lexically-Appropriate

E.g.: Function

15

121

* Words marked with an asterisk are chemical symbols for elements, acronyms &
abbreviations or those terms that require further information.
c
0
H
D
F
Laser
CO
N
Na
OH
Ca
Cl
A1
Mg
PO
HC1
Br
CH
NH
LCD
Fe
MRI
NAOH
SARS
HIV
CT
Ni
CCD
CaCl
AIDS
LEDs
Li
NaCl
UV
Cu
Ppm
W
A1C1
Golgi
KOH
PET
pm

Carbon
Oxygen
Hydrogen
Vitamin D
Fluorine
Light Amplification by Stimulated Emis;
Carbon Monoxide
Nitrogen
Sodium
Hydroxide
Calcium
Chlorine
Aluminum
Magnesium
Phosphorous Oxide
Hydrochloric acid
Bromine
Carbon Hydroxide
Nitrogen Hydroxide
Liquid Crystal Display
Iron
Magnetic Resonance Imaging
Sodium Hydroxide
Severe Acute Respiratory Syndrome
Human Immunodeficiency Virus
Computed tomography.
Nickel
Charged-Coupled Device
Calcium Chloride
Acquired Immune Deficiency Syndrome
Light Emitting Diodes
Lithium
Sodium Chloride
Ultraviolet
Copper
Parts per million
Watts
Aluminum Chloride
Golgi apparatus
Potassium Hydroxide
Positron Emission Tomography
Micrometer
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APPENDIX B: SCIENTIFIC VOCABULARY IN THE SPOKEN CORPUS
Blood
Stomach
Body
C o lo n

Digestion
Mouth
Esophagus
Artery
Oxygen
Gall
Acid
Saliva
Air
Leaves
C e lls

Deoxygenated
Bacteria
Smooth
Branch
Heartbeat
K*
Bolus
Flow
Tubes
Capillary
Enzyme
Glands
Solid
Amylase
Bruise
Inhalation
Lobe
Protein
Salivary
Aorta
Biologically
Exhalation
T issu e

Jejunum
Pressure
Snuggled
Superior
Balloon
Bulb

Heart
Intestine
Liver
Lungs
Nutrients
Atrium
Waste
Bladder
Tube
O rgan

Breathe
Vein
Arteries
Pancreas
Veins
Dioxide
Muscles
Tongue
Digest
Neck
Pulmonary
Chambers
Skin
Vitamin

Digestive
Pulse
Muscle
Trunk
V essel

Duodenum
Circulatory
Nutrient
Chemicals
Throat
Cava*
Ventricle
Chamber
Capillaries
Carbon
Accessory
O rgan s

Function
Heart
Sugar

Trachea
Digested
Sphincter
Water
Feces
Teeth
Breathing
Duct
Gas
Rectum
Valves

A p p e n d ix

B ase

Functions
Kidneys
Pepsin
Pulses
Walls
Vents
Ducts
Head
Ilium
Liquids
Pumps
Sulphide
Acidic

Gravity
Lactic
Pharynx
Respiratory
Anus
Biological
Enzymes
Hydrochloric
Intestines
Mucus
Radial
Ventricles
Antacid
Brain
Cardiac

C h est

B a s ic

Circulates
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Carotid
Chemical
Filter
Glandular
Inferior
Mammals
Oxygenated
Physically
Proteins
Slides

Cecum
Digesting
Functioning
HC1*
Liquid
Band
pH
Planet
Pump
Sphincters

C e llu la r

Environment
Gases
Hydrochloric
Lobes
Nose
Physical
Pop
Respiration
Stores

Legend:

Lexical Class
Content-Specific

Representation
E.g.: Oxygen

Proportion (out of 162
words)
117

Content-Relevant

E.g.:

T issu e

11

Context-Relevant

E.e.: Cvcle

24

Field-Specific

E.e.: Mole

3

Lexically-Appropriate

E.e.: Function

7

* Words marked with an asterisk are chemical symbols for elements, acronyms &
abbreviations or those terms that require further information.
Cava
K
HC1

Part of a single term ‘Vena Cava’
Vitamin K
Hydrochloric acid
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APPENDIX C: LETTER OF INFORMATION FOR THE TEACHER

T h e L a n g u a g e o f S c ie n c e : A C o r p u s - B a s e d S tu d y

Introduction
My name is Mithila Vidwans and I am a Master’s student at the Faculty of Education at
the University of Western Ontario. I am currently conducting research into the area of
teaching and learning Science in a diverse classroom and would like to invite you to
participate in this study.
Purpose of the study
The aims of this study are to understand the language of Science by examining the corpus
of a Science textbook and observation of lessons in a classroom.
If you agree to participate
If you agree to participate in this study you will be asked to allow me to observe and
audio-record three Science lessons in your classroom. You will also be asked to
participate in two interviews about the context of the classroom. Each of the interviews
will last for approximately 30 minutes and will be audio-recorded as well as later
transcribed. The interviews will take place within the premises of your school.
Confidentiality
The information collected will be used for research purposes only, and neither your name
nor information which could identify you will be used in any publication or presentation
of the study results. All information collected for the study will be kept confidential. You
will not be identified by name in any reports of the research and all research data will be
disposed off as soon as the study is complete.
Risks & Benefits
There are no known risks to participating in this study.
Voluntary Participation
Participation in this study is voluntary. You may refuse to participate, refuse to answer
any questions or withdraw from the study at any time with no effect on your employment
status.
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Questions
If you have any questions about the conduct of this study or your rights as a research
participant you may contact the Manager, Office of Research Ethics, The University of
Western Ontario at (XXX) XXX XXXX or ethics@XXX.XX. If you have any questions
about this study, please contact me; Mithila Vidwans at (XXX) XXX XXXX or
mvidwans@XXX.XX or my thesis supervisor Dr. Farahnaz Faez at (XXX) XXX XXXX
ext XXXXX or ffaez@XXX.XX.
Mithila Vidwans
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APPENDIX D: LETTER OF INFORMATION FOR PARENTS

T h e L a n g u a g e o f S c ie n c e : A C o r p u s - B a s e d S tu d y

Introduction
My name is Mithila Vidwans and I am a Master’s student at the Faculty of Education at
the University of Western Ontario. I am currently conducting research into the area of
teaching and learning Science in a diverse classroom.
Purpose of the study
The aims of this study are to understand the language of Science by examining the
language in a Science textbook and observation of lessons in a classroom.
Conduct of the study
I will be observing and audio-recording three Science lessons in your son/daughter’s
classroom. The teacher will be observed and audio-recorded. Your son/daughter will
NOT be observed or recorded. Any voices of the students that are recorded by accident
will be erased completely before transcription of the data.
Confidentiality
The information collected will be used for research purposes only, and neither your
son/daughter’s name nor information which could identify him/her will be used in any
publication or presentation of the study results. All information collected for the study
will be kept confidential. Your son/daughter will not be identified in any reports of the
research and all research data will be disposed off as soon as the study is complete.
Risks & Benefits
There are no known risks to participating in this study.
Questions
If you have any objection regarding your son/daughter’s presence in the classroom during
the conduct of this study, please contact the Science teacher Mr. Ian Blair (P s e u d o n y m )
and alternate arrangements will be made for him/her.
If you have any questions about this study, please contact me; Mithila Vidwans at (XXX)
XXX XXXX or mvidwans@XXX.XX or my thesis supervisor Dr. Farahnaz Faez at
(XXX) XXX XXXX ext XXXXX or ffaez@XXX.XX.
Mithila Vidwans
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APPENDIX E: INTERVIEW 1 QUESTIONS
Classroom dynamic
•

Can you please tell me about the dynamics of the classroom?
o How many students are there in the class?
o What is the overall class average like?
o

•

What is their linguistic background? Is most of their LI English?

Are you aware of their proportion of ELLs in the classroom? How many of
the students are ELLs?

•

Are you aware of the different levels of the ELP of the students?

Personal/Professional information
•

How long have you been teaching High School Science?

•

Which grades have you been teaching/taught?

•

Was Science your teachable?

•

Do you teach any other subjects?
o

If yes, how does Science compare with the other subject?

• Why did you choose to teach Science?
Teaching resources/Style
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• What is your style of teaching?
o Do you talk? Overheads? Powerpoint slides?
o

What percentage of the lesson consists of you talking?

• How much do you rely on the textbook?
• How is the textbook used in the classroom?
• Do you provide a lot of handouts/worksheets etc.? Do you use any other
textbooks?
• Other than the textbook, what resources do you use?
• Do you consult with other teachers regarding teaching resources?
• Where do you look for information/resources regarding teaching Science
to a diverse class?
o

Is the information easy to find?

o

Is it helpful?

Tips/Strategies
•

What strategies do you use to teach the content to a diverse classroom?
o

•

Visual aids? Building on prior knowledge?

Which strategy has been effective in your experience?
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•

Which aspects of the subject require creative strategies? (Chemical
equations, steps of Photosynthesis etc?)

Challenges
•

What is the most challenging aspect of teaching Science in a Grade 10
classroom?

•

What are the challenges of teaching Science in a linguistically diverse
classroom?

•

In your belief, what are the challenges that ELLs face in a Science
classroom?

•

Other than limited ELP, do you think there are major differences between
the challenges ELLs face as opposed to proficient speakers of English in
learning Science?
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APPENDIX F: INTERVIEW 2 QUESTIONS
Funds of Knowledge
•

If any, what role do the parents of the students play in the teaching and
learning of Science?

•

Have any parents of those students who are ELLs consulted you
regarding their limited proficiency of the English language and the
study of subjects such as Science?

•

I saw a few students using translators. Have you seen them? Are they
effective, in your opinion? Have you recommended them to any
students/parents?

Vocabulary
•

In your experience teaching Science all these years, have you ever
noticed what the vocabulary of Science is made of?

•

As you know my research is an attempt to uncover the language of
Science. How effective do you think that will be for teachers like
yourself who teach a diverse class?
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